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FIGURE  136  - TYPICAL  TEST  SET-UP  - FLAT  PANEL  FIXTURE 
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FIGURE  139  SPECIMEN  NO.  1 . SHOT  NO.  3 
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FIGURE  1-40  .SPECIMEN  NO.  1 .SHOT  NO.  3 
STRAIN  TIME  HISTORY 
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FIGURE  152  .SPECIMEN  NO.  1 . SHOT  NO.  4 
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FIGURE  1-53  , SPECIMEN  NO.  1 .SHOT  NO.  4 
STRAIN  TIME  HISTORY 
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FIGURE  160  .SPECIMEN  NO.  1 .SHOT  NO.  5 . 
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FIGURE  161  . SPECIMEN  NO.  1 , SHOT  NO.  5 , 

STRAIN  TIME  HISTORY 
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FIGURE  1-63  .SPECIMEN  NO.  1 . SHOT  NO.  5 . 
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FIGURE  1-65  , SPECIMEN  NO.  1 , SHOT  NO.  5 
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FIGURE  1-67  SPECIMEN  NO.  1 .SHOT  NO.  5 
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FIGURE  1-68  .SPECIMEN  NO.  1 , SHOT  NO.  5 

DEFLECTION  TIME  HISTORY 


51 


B> 


SPECIMEN  NO.  2 

FLAT  UNSTIFFENED  PANEL 
FOUR  SIDES  PINNED 

MATERIAL  - 6061 -T42  ALUMINUM  ALLOY 

DENSITY  - .0002539  Ib.-sec.2/in4  (MIL-HDBK-5) 
POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.4  x 106  PSI 
SHEAR  MODULUS  - 3.8  x I06  PSI 
t ELONGATION  - 25.5 
Fty  = 18,410  PSI 
Ftu  = 36,090  PSI 
THICKNESS  - .192  IN. 

[f> ON  BACK  SIDE  ON  BOX  HOLDING  FITURE  ONLY 
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FIGURE  2 29  , SPECIMEN  NO.  2 .SHOT  NO.  3 , 
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SPECIMEN  NO.  3 


FLAT  UNSTIFFENED  PANEL 

TWO  SIDES  CLAMPED  AND  TWO  SIDES  PINNED 

MATERIAL  - 606I-T6  ALUMINUM  ALLOY 

DENSITY  - .0002539  Ib-sec2/in4  (MIL-HDBK-5) 
POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.9  x 106  PSI 
SHEAR  MODULUS  - 3.8  x 106  PSI 
1 ELONGATION  - 15.0 
Fty  - 40,500  PSI 
Ftu  - 45,200  PSI 
THICKNESS  - .193  IN. 


0>ON  BACK  SIDE  ON  BOX  HOLDING  FIXTURE  ONLY 
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FIGURE  3-5  .SPECIMEN  NO.  3 , SHOT  NO.  1 , 
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TABLE  XXVII 


STATIC  TEST  STRESSES  - SPECIMEN  NO.  4 
(STRESSES  GIVEN  IN  PSI) 


STATIC  PRESSURE  (PSI) 
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5.4 

6.3 

7.2 
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8.1 
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TABLE  XXVIII 

STATIC  TEST  DISPLACEMENTS  - SPECIMEN  NO.  4 
(DISPLACEMENT  MEASURED  AT  CENTER  OF  PANEL) 


STATIC  PRESSURE  (PSI) 
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FIGURE  4 10  .SPECIMEN  NO.  4 , SHOT  NO.  1 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4 25  , SPECIMEN  NO.  4 , SHOT  NO  2 , 
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FIGURE  4 26  . SPECIMEN  NO.  4 SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  4 27  .SPECIMEN  NO  4 . SHOT  NO.  2 
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FIGURE  4 28  .SPECIMEN  NO.  4 , SHOT  NO.  2 
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FIGURE  4-29  , SPECIMEN  NO.  4 .SHOT  NO.  2 
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FIGURE  4 33  . SPECIMEN  NO.  4 , SHOT  NO  3 f 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4 34  , SPECIMEN  NO  4 . SHOT  NO.  3 . 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4 35  .SPECIMEN  NO.  4 , SHOT  NO  3 
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FIGURE  4-36  , SPECIMEN  NO.  4 . SHOT  NO.  3 , 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  4-37  , SPECIMEN  NO  4 , SHOT  NO  3 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-38  , SPECIMEN  NO.  4 .SHOT  NO.  3 
STRAIN  TIME  HISTORY 
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FIGURE  4 39  .SPECIMEN  NO  4 , SHOT  NO  3 
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FIGURE  4-40  . SPECIMEN  NO.  4 . SHOT  NO.  3 , 

STRAIN  TIME  HISTORY 
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FIGURE  4-41  SPECIMEN  NO.  4 .SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 
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FIGURE  4-42  , SPECIMEN  NO.  4 .SHOT  NO.  3 
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FIGURE  4-46  , SPECIMEN  NO.  4 , SHOT  NO.  3 , 

DEFLECTION  TIME  HISTORY 
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FIGURE  <-48  .SPECIMEN  NO.  4 , SHOT  NO.  4 , 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-49  .SPECIMEN  NO.  4 , SHOT  NO  4 , 

SPECIMEN  REFLECTEDPRESSURE  TIME  HISTORY 
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FIGURE  4 54  , SPECIMEN  NO.  4 , SHOT  NO.  4 , 

STRAIN  TIME  HISTORY 
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FIGURE  4 56  , SPECIMEN  NO.  4 .SHOT  NO.  4 , 

STRAIN  TIME  HISTORY 
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FIGURE  4-58  .SPECIMEN  NO.  4 , SHOT  NO.  4 , 

STRAIN  TIME  HISTORY 
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FIGURE  4-60  , SPECIMEN  NO.  4 , SHOT  NO.  4 , 

DEFLECTION  TIME  HiSTORY 
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FIGURE  4-62  , SPECIMEN  NO.  4 . SHOT  NO.  5 , 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  463  , SPECIMEN  NO.  4 , SHOT  NO  5 . 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-70  .SPECIMEN  NO.  4 . SHOT  NO.  5 . 

STRAIN  TIME  HISTORY 
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CHANNEL  10  14-4 

FIGURE  4-71  .SPECIMEN  NO.  4 , SHOT  NO.  5 . 

STRAIN  TIME  HISTORY 
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FIGURE  4-72  . SPECIMEN  NO  4 , SHOT  NO.  5 
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FIGURE  4 73  . SPECIMEN  NO.  4 . SHOT  NO  5 , 

STRESS  TIME  HISTORY 
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FIGURE  4-74  , SPECIMEN  NO.  4 .SHOT  NO.  S , 
DEFLECTION  TIME  HISTORY 
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FIGURE  4-75  .SPECIMEN  NO.  4 . SHOT  NO  6 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4-76  , SPECIMEN  NO.  4 , SHOT  NO.  6 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-77  .SPECIMEN  NO.  4 . SHOT  NO.  6 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 

164 


‘ F r*r.- 


Mlr  VV> 


r 


i 


TIME  IN  SECONDS 
CHANNEL  ID  S4-2 


FIGURE  4-84  . SPECIMEN  NO.  4 .SHOT  NO.  6 . 
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FIGURE  4 90  . SPECIMEN  NO.  4 , SHOT  NO.  7 . 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4 91  .SPECIMEN  NO.  4 .SHOT  NO.  7 . 
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FIGURE  4-92  , SPECIMEN  NO.  4 , SHOT  NO.  7 . 
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FIGURE  4-93  , SPECIMEN  NO.  4 .SHOT  NO.  7 , 

STRAIN  TIME  HISTORY 
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FIGURE  4 94  , SPECIMEN  NO.  4 .SHOT  NO.  7 . 

STRAIN  TIME  HISTORY 
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FIGURE  4 95  .SPECIMEN  NO.  4 , SHOT  NO.  7 . 
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FIGURE  4 98  , SPECIMEN  NO.  4 .SHOT  NO.  7 . 
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FIGURE  4-100  .SPECIMEN  NO.  4 .SHOT  NO.  7 , 
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FIGURE  4101  .SPECIMEN  NO.  4 , SHOT  NO.  7 
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FIGURE  *-102  SPECIMEN  NO.  4 . SHOT  NO.  8 _ 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4'107  .SPECIMEN  NO.  « , SHOT  NO.  8 _ 

STRAIN  TIME  HISTORY 

179 


060  064  068  072  0 76  08C  084  088  0 

TIPE  IN  SEf0NOS 
CHANNEL  ID  S4-1C 
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FIGURE  4 109  . SPECIMEN  NO.  4 . SHOT  NO.  8 

STRAIN  TIME  HISTORY 
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FIGURE  4 113  .SPECIMEN  NO  4 , SHOT  NO  8 

STRAIN  TIME  HISTORY 

182 


CHANNEL  ID  S4-3 


FIGURE  4-114  .SPECIMEN  NO.  4 .SHOT  NO.  8 
STRESS  TIME  HISTORY 
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FIGURE  4-116  .SPECIMEN  NO.  4 , SHOT  NO.  9 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4-117  SPECIMEN  NO  4 , SHOT  NO  9 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-118  SPECIMEN  NO.  4 , SHOT  NO.  9 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-119  . SPECIMEN  NO.  4 , SHOT  NO  9 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  4 120  .SPECIMEN  NO  4 SHOT  NO  9 
SPECIMEN  REFLECTED  PRESSURE  TlMt  HISTORY 
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FIGURE  4-122  , SPECIMEN  NO.  4 , SHOT  NO.  9 . 

STRAIN  TIME  HISTORY 
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FIGURE  4-128  .SPECIMEN  NO.  4 , SHOT  NO.  9 , 
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FIGURE  4-129  SPECIMEN  NO  4 , SHOT  NO 
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FIGURE  4 130  . SPECIMEN  NO.  4 SHOT  NO  10 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4-131  .SPECIMEN  NO  4 . SHOT  NO  10 

tunnel  wall  reflected  pressure  TIME  HISTOR  ' 
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FIGURE  4-132  .SPECIMEN  NO.  4 .SHOT  NO.  10 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-133  .SPECIMEN  NO.  4 , SHOT  NO. 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  4-134  SPECIMEN  NO.  4 . SHOT  NO.  10  . 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORV 
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FIGURE  4-13S  .SPECIMEN  NO.  4 .SHOT  NO.  10. 
STRAIN  TIME  HISTORY 
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FIGURE  4-136  .SPECIMEN  NO.  4 .SHOT  NO.  10 
STRAIN  TIME  HISTORY 
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FIGURE  4-137  . SPECIMEN  NO.  4 .SHOT  NO.  10 
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FIGURE  4-139  , SPECIMEN  NO.  4 .SHOT  NO.  10 
STRAIN  TIME  HISTORY 
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FIGURE  4-140  .SPECIMEN  NO.  4 .SHOT  NO.  10 
STRAIN  TIME  HISTORY 
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FIGURE  4-141  .SPECIMEN  NO.  4 .SHOT  NO. 
STRAIN  TIME  HISTORY 
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FIGURE  4-142  .SPECIMEN  NO.  4 . SHOT  NO.  10. 

STRESS  TIME  HISTORY 
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FIGURE  4-144  , SPECIMEN  NO.  4 .SHOT NO.  11, 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4-146  .SPECIMEN  NO.  4 , SHOT  NO.  11, 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-148  . SPECIMEN  NO.  4 , SHOT  NO.  11 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4 150  , SPECIMEN  NO  4 , SHOT  NO.  11 

STRAIN  TIME  HISTORY 
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FIGURE  4-151  SPECIMEN  NO.  4 , 
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FIGURE  4-153  .SPECIMEN  NO  4 , SHOT  NO.  11 

STRAIN  TIME  HISTORY 
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FIGURE  4 154  . SPECIMEN  NO.  4 . SHOT  NO.  11 

STRAIN  TIME  HISTORY 
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FIGURE  4 156  .SPECIMEN  NO  4 , SHOT  NO.  ” , 

STRESS  TIME  HISTORY 
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FIGURE  4 157  .SPECIMEN  NO.  4 .SHOT  NO.  H 
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FIGURE  ^-158  .SPECIMEN  NO.  * , SHOT  NO.  12. 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  4160  . SPECIMEN  NO.  4 .SHOT  NO.  1 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-161  .SPECIMEN  NO.  4 , SHOT  NO.  12 
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FIGURE  4-163  .SPECIMEN  NO.  4 , SHOT  NO.  12. 
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FIGURE  4-162  , SPECIMEN  NO.  4 , SHOT  NO.  12, 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  4-166  .SPECIMEN  NO.  4 . SHOT  NO. 

STRAIN  TIME  HISTORY 
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FIGURE  4-167  .SPECIMEN  NO.  4 .SHOT  NO.  12 
STRAIN  TIME  HISTORY 
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FIGURE  4-168  .SPECIMEN  NO.  4 .SHOT  NO.  12. 
STRAIN  TIME  HISTORY 
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FIGURE  4-170  , SPECIMEN  NO.  4 , SHOT  NO.  12 

DEFLECTION  TIME  HISTORY 
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FIGURE  4-171  , SPECIMEN  NO.  4 , SHOT  NO.  13  r 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIMfc  HISTORY 
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FIGURE  4-172  . SPECIMEN  NO.  4 . SHOT  NO.  1 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTOR 
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FIGURE  4-174  , SPECIMEN  NO.  4 . SHOT  NO.  13 

STRAIN  TIME  HISTORY 


TIME  IN  SECONDS 
CHANNEL  TD  S4-2C 

FIGURE  4 175  .SPECIMEN  NO.  4 .SHOT  NO.  13 
STRAIN  TIME  HISTORY 
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FIGURE  4-178  . SPECIMEN  NO.  4 .SHOT  NO.  13 
STRAIN  TIME  HISTORY 
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FIGURE  4 179  .SPECIMEN  NO.  4 . SHOT  NO.  13 

DEFLECTION  TIME  HISTORY 


SPECIMEN  NO.  5 

FLAT  UNSTIFFENED  PANEL 

FOUR  SIDES  CLAMPED 

MATERIAL  - 6061-16  ALUMINUM  ALLOY 

DENSITY  - .0002539  lb-sec2/in4  (MIL-HDBK-5) 
POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.1  x 106  PSI 
SHEAR  MODULUS  - 3.8  x 106  PSI 
% ELONGATION  - 12.0 
Fty  - 41,180  PSI 
Ftu  - 46,760  PSI 
THICKNESS  - .020  IN. 

[>  ON  BACK  SIDE  OF  BOX  HOLDING  FIXTURE  ONLY 


Figure  5-1  - SPECIMEN  NO.  5 - INSTRUMENTATION  - FRONT 
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TABLE  XXIX 

STATIC  TEST  STRESSES  - SPECIMEN  NO. 
(STRESSES  GIVEN  IN  PSI) 
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TIME  IN  SEC0NC-S 
CHANNEL  10  P-5 

FIGURE  5-6  .SPECIMEN  NO.  5 . Sh6t  NO.  1 , 

TUNNEL  WALL  INCIOtNT  OVERPRESSURE  TIME  HISTORY 


1*4  1*5  172  17*  190  194  199  19*  19*.  200  204  20S  212  21*  220 

TIME  IN  SECBN09 
CHANNEL  10  PT-S 

FIGURE  5 7 .SPECIMEN  NO  5 . SHOT  NO.  1 . 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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TIME  IN  SECONDS 

channel  P5-i: 


FIGURE  5-10  .SPECIMEN  NO.  5 . SHOT  NO.  1 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5-14  .SPECIMEN  NO.  5 , SHOT  NO.  1 

STRAIN  TIME  HISTORY 


/ 


/ V 


1 / 

V v 


) ji  A 

JIM  /ill  i 

* If  i flJ  \ 

I \ \ k W * .♦ 

V*  ■ 1' 

li 


160  164  163  1 72  176  180  164  166  192  196  2GQ  20**  206  212 

TIME  IN  SEC0NDS 
CHANNEL  ID  85-3 

FIGURE  5 15  .SPECIMEN  NO.  5 , SHOT  NO  1 . 

STRAIN  TIME  HISTORY 
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164  188  15*2 

TIME  IN  SECONDS 


CHANNEL  ID  SS-4 

FIGURE  5 16  .SPECIMEN  NO.  5 . SHOT  NO.  1 

STRAIN  TIME  HISTORY 


164  16*  1?2  1/6  180  184  186  192  196  200  2C*4  2C 

time  in  seconds 


CHANNEL  ID 

FIGURE  5 17  .SPECIMEN  NO.  5 . SHOT  NO  1 

STRAIN  TIME  HISTORY 
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OEF  LECTION  IN  INCHES 


TIME  IN  SECONDS 


CHANNEL  ID  D5-10 

FIGURE  5 19  .SPECIMEN  NO.  5 .SHOT  NO.  1 
DEFLECTION  TIME  HISTORY 


5-18  .SPECIMEN  NO.  5 , SHOT  NO. 

STRESS  TIME  HISTORY 


FIGURE 


TIME  IN  SECONDS 
CHANNEL  ID  S5-5 


TIME  IN  SECONDS 
CHANNEL  ID  P-5 

FIGURE  5-20  . SPECIMEN  NO.  5 . SHOT  NO.  2 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 

1 6 


Tine  IN  S6C0NPS 
CHANNEL  ID  PT-5 


FIGURE  521  .SPECIMEN  NO  5 .SHOT  NO.  2 , 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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PRESSURE  IN  PS I G PPESSUPE  IN  PSIG 
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TIME  IN  SEC0NDS 
CHANNEL  ID  P5-? 

FIGURE  5 22  , SPECIMEN  NO.  5 .SHOT  NO.  2 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5 24  .SPECIMEN  NO.  5 , SHOT  NO  2 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


MICPOSTRHIN 


FIGURE  5-28  , SPECIMEN  NO  5 .SHOT  NO.  2 
STRAIN  TIME  HISTORY 


time  IN  SECONDS. 
CHANNEL  ID  ST'-S 


FIGURE  5 29  , SPECIMEN  NO.  5 , SHOT  NO.  2 , 

STRAIN  TIME  HISTORY  236 
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FIGURE  5 30  . SPECIMEN  NO.  5 , SHOT  NO.  2 . 

STRAIN  TIME  HISTORY 
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FIGURE  5 31  .SPECIMEN  NO  5 .SHOT NO.  2 

STRAIN  TIME  HISTORY 
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DEFLECTION  IN  INCHES 


TIME  IN  SECONDS 
CHANNEL  ID  S5-5 


FIGURE  5-32  . SPECIMEN  NO  5 , SHOT  NO.  2 

STRESS  TIME  HISTORV 
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TIME  IN  SECONDS 
CHANNEL  ID  05-10 

FIGURE  5 33  . SPECIMEN  NO.  5 . SHOT  NO.  2 

DEFLECTION  TIME  HISTORY 
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160  164  16c  172  176  160  164  186  192  196  200  204 

TIME  IN  SECONDS 
CHANNEL  ID  »-5 

FIGURE  5 34  . SPECIMEN  NO.  5 , SHOT  NO  3 . 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 


. 160  164  166  172  176  190  184  180  192  196  200  204 

TIME  IN  SECONDS 
CHANNEL  ID  PT-5 

FIGURE  5 35  . SPECIMEN  NO  5 .SHOT  NO.  3 . 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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PRESSURE  IN  PSIG  PRESSURE  IN  PSIG 
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TINE  IN  SECONDS 
CHANNEL  ID  P5-7 

FIGURE  5 36  . SPECIMEN  NO.  5 .SHOT  NO.  3 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5 37  , SPECIMEN  NO.  5 . SHOT  NO  3 . 

INTERNAL  PRESSURE  TIME  HISTORY 
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Ting  IN  SEC0NC-: 

CHflWEi.  ID  P*  ' 15 

FIGURE  *38  SPECIMEN  NO  5 , SHOT  NO  3 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5 39  . SPECIMEN  NO  5 . SHOT  NO  3 

STRAIN  TIME  HISTORY 
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FIGURE  5-40  . SPECIMEN  NO.  5 . SHOT  NO.  3 . 
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FIGURE  5-41  .SPECIMEN  NO.  5 . SHOT  NO  3 . 

STRAIN  TIME  HISTORY 
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TIME  IN  SECOND’S 
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FIGURE  5-42  . SPECIMEN  NO.  5 .SHOT  NO.  3 , 

STRAIN  TIME  HISTORY 
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FIGURE  5-43  , SPECIMEN  NO  5 .SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 
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FIGURE  544  . SPECIMEN  NO.  5 , SHOT  NO.  3 , 

STRAIN  TIME  HISTORY 
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FIGURE  545  .SPECIMEN  NO.  5 .SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 

244 


L 


C7  2EL£i>. 


TIME  IN  SECONDS 
CHANNEL  ID  S5-5 


FIGURE  5-46  , SPECIMEN  NO.  5 , SHOT  NO.  3 

STRESS  TIME  HISTORY 
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FIGURE  5-47  . SPECIMEN  NO.  5 , SHOT  NO.  3 

DEFLECTION  TIME  HISTORY 
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FIGURE  5-50  .SPECIMEN  NO.  5 .SHOT  NO.  4 . 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5 51  .SPECIMEN  NO  5 , SHOT  NO.  4 . 

INTERNAL  PRESSURE  TIME  HISTORY 
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MIC  RETRAIN  PRESSURE  IN  PS  IQ 


TIME  IN  SECONDS 
CHANNEL  ID  P5-1I 


FIGURE  5 52  .SPECIMEN  NO.  5 , SHOT  NO.  4 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  5 53  .SPECIMEN  NO.  5 . SHOT  NO  4 # 

STRAIN  TIME  HISTORY 
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FIGURE  5 70  . SPECIMEN  NO.  5 .SHOT  NO.  5 . 
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FIGURE  5-73  . SPECIMEN  NO.  5 . SHOT  NO  5 
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FIGURE  5-74  . SPECIMEN  NO.  5 , SHOT  NO.  5 
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FIGURE  5 79  , SPECIMEN  NO.  5 , SHOT  NO  6 
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FIGURE  5-81  .SPECIMEN  NO.  5 . SHOT  NO  6 . 
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FIGURE  5-88  . SPECIMEN  NO.  5 . SHOT  NO.  6 . 
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FIGURE  5-103  , SPECIMEN  NO.  5 , SHOT  NO  9 . 
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FIGURE  5-106  , SPECIMEN  NO  5 , SHOT  NO.  9 
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FIGURE  5-108  .SPECIMEN  NO.  5 , SHOT  NO.  9 

STRAIN  TIME  HISTORY 


2000 


t 


1200  - • 


TIME  IN  SECONDS 
CHANNEL  ID  S3-3 


FIGURE  5-112  .SPECIMEN  NO.  5 
STRAIN  TIME  HISTORY 


t 068  072  076  080  084  08o 


TIME  IN  SECONDS 
CHANNEL  IC  $5-4 

FIGURE  5 113  .SPECIMEN  NO  5 
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FIGURE  5-118  .SPECIMEN  NO.  5 , SHOT  NO.  10. 
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FIGURE  5122  , SPECIMEN  NO.  5 . SHOT  NO  10, 
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FIGURE  5 123  , SPECIMEN  NO.  5 , SHOT  NO  10. 
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FIGURE  5124  . SPECIMEN  NO  5 , SHOT  NO.  10, 
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FIGURE  6-125  .SPECIMEN  NO.  5 .SHOT  NO.  10. 
STRAIN  TIME  HISTORY 


284 


TIME  IN  SECONDS 
CHANNEL  ID  S5-5 

FIGURE  5 126  , SPECIMEN  NO.  5 , SHOT  NO.  10 
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SECTION  A-A 


SPECIMEN  NO.  6 


CURVED  UNSTIFFENED  PANEL 

FOUR  SIDES  CLAMPED 

MATERIAL  - 6061-T6  ALUMINUM  ALLOY 

DENSITY  - .0002539  lb-sec2/in4  (MIL-HDBK-5) 

POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.9  x 106  PSI 
SHEAR  MODULUS  - 3. 8 x 106  PSI 
% ELONGATION  - 15.0 
Fty  - 40,500  PSI 
Ftu  - 45,200  PSI 
THICKNESS  - .080  IN. 

This  test  specimen  was  modeled  as  a unit  width  curved  beam 
as  well  as  curved  panel.  The  beam  was  considered  to  be 
cl amped  at  both  ends. 
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FIGURE  6-4  - SPECIMEN  NO.  6 - SHOCK  TEST  SET-UP  - CLOSE-UP  VIEW 


FIGURE  6-6  - SPECIMEN  NO.  6 - SPECIMEN  IN  FIXTURE  AFTER  SHOCK  TEST  - CLOSE-UP  VIEW 
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FIGURE  6-10  , SPECIMEN  NO.  6 . SHOT  NO.  1 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-14  , SPECIMEN  NO.  6 , SHOT  NO.  1 
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FIGURE  6-15  .SPECIMEN  NO.  6 , SHOT  NO.  1 
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FIGURE  6-16  .SPECIMEN  NO.  6 . SHOT  NO.  1 
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FIGURE  6-17  .SPECIMEN  NO.  6 . SHOT  NO.  1 
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FIGURE  6-18  .SPECIMEN  NO.  6 .SHOT  NO.  1 
STRAIN  TIME  HISTORY 
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FIGURE  6-19  , SPECIMEN  NO.  6 , SHOT  NO.  1 

STRAIN  TIME  HISTORY 
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FIGURE  6-20  , SPECIMEN  NO.  6 , SHOT  NO.  1 

STRAIN  TIME  HISTORY 
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FIGURE  &21  .SPECIMEN  NO  6 . SHOT  NO.  1 

STRESS  TIME  HISTORY 
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FIGURE  6-22  , SPECIMEN  NO.  6 , SHOT  NO.  1 

STRESS  TIME  HISTORY 
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FIGURE  6-25  , SPECIMEN  NO.  6 , SHOT  NO.  2 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-26  , SPECIMEN  NO.  6 . SHOT  NO.  2 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-29  , SPECIMEN  NO.  6 , SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-30  , SPECIMEN  NO.  6 , SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-31  .SPECIMEN  NO.  6 . SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-32  . SPECIMEN  NO.  6 , SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-33  , SPECIMEN  NO.  6 . SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-34  . SPECIMEN  NO.  6 , SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6-35  .SPECIMEN  NO.  6 . SHOT  NO.  2 

STRAIN  TIME  HISTORY 


TIME  IN  SECONDS 
CHPNNFL  ID  36-4 

FIGURE  6-36  . SPECIMEN  NO.  6 . SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  6 37  , SPECIMEN  NO  6 .SHOT  NO.  2 . 

STRESS  TIME  HISTORY 
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FIGURE  6 38  , SPECIMEN  NO.  6 , SHOT  NO  2 , 

STRESS  TIME  HISTORY 
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FIGURE  6-41  , SPECIMEN  NO.  6 .SHOT  NO  3 
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FIGURE  &44  .SPECIMEN  NO.  6 . SHOT  NO.  3 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-45  , SPECIMEN  NO.  6 .SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  646  . SPECIMEN  NO  6 . SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  6-47  f SPECIMEN  NO.  6 , SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  6-48  . SPECIMEN  NO.  6 , SHOT  NO.  3 

STRAIN  TIME  HISTORY 


II  l!i  ftlilflllliill  I II  - 

. ■ 1 11 1 IVIIIlllillilllllll 

iiii  1 jjjjjrj|i|||iirjiwffiii!ii 

glllllFlijlltliflilllilllllliltllll 

■liii  § fliafliiiummn  unn 

lllllli  VI 1!  Illllllllll  1! 

■HMV  IMMi'i"'  U V1  : . '£■»!  F 

time  in  SEC0NDS 
CHANNEL  ID  S6-2S 

FIGURE  6-49  . SPECIMEN  NO.  6 , SHOT  NO 
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FIGURE  6-50  , SPECIMEN  NO.  6 , SHOT  NO 
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FIGURE  6-51  .SPECIMEN  NO.  6 . SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  6-62  , SPECIMEN  NO.  6 . SHOT  NO.  3 
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FIGURE  6-53  , SPECIMEN  NO.  6 .SHOT  NO.  3 
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FIGURE  6 54  , SPECIMEN  NO  6 , SHOT  NO  3 
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FIGURE  6 55  . SPECIMEN  NO.  6 , SHOT  NO.  3 . 
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FIGURE  6-57  . SPECIMEN  NO.  6 . SHOT  NO.  4 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-58  . SPECIMEN  NO.  6 . SHOT  NO  4 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  6-61  , SPECIMEN  NO.  6 , SHOT  NO.  4 
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FIGURE  6-62  . SPECIMEN  NO.  6 , SHOT  NO  4 
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FIGURE  6-63  . SPECIMEN  NO.  6 .SHOT  NO.  4 
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FIGURE  6-64  . SPECIMEN  NO.  6 . SHOT  NO.  4 

STRAIN  TIME  HISTORY 
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FIGURE  6-65  , SPECIMEN  NO.  6 , SHOT  NO.  4 
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FIGURE  6-66  SPECIMEN  NO.  6 . SHOT  NO.  4 
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FIGURE  6-67  . SPECIMEN  NO.  6 .SHOT  NO.  4 
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FIGURE  6-68  .SPECIMEN  NO.  6 , SHOT  NO.  4 , 
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FIGURE  6-69  . SPECIMEN  NO.  6 , SHOT  NO.  4 
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FIGURE  6 70  SPECIMEN  NO  6 . SHOT  NO.  4 
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FIGURE  6-71  , SPECIMEN  NO.  6 , SHOT  NO  4 

STRESS  TIME  HISTORY 


TIME  IN  SECONDS 
CHANNEL  ID  PT5 

FIGURE  6*73  , SPECIMEN  NO.  6 , SHOT  NO.  5 
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FIGURE  6-74  . SPECIMEN  NO.  6 , SHOT  NO.  5 
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FIGURE  6-75  , SPECIMEN  NO.  6 . SHOT  NO  5 
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FIGURE  6-77  . SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  6-78  , SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  6-79  , SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  6-81  .SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  642  .SPECIMEN  NO.  6 , SHOT  NO.  5 
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FIGURE  6-83  . SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  6-84  . SPECIMEN  NO.  6 . SHOT  NO.  5 
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FIGURE  i86  . SPECIMEN  NO  6 . SHOT  NO.  5 
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FIGURE  6-90  , SPECIMEN  NO.  6 . SHOT  NO.  6 
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FIGURE  6*91  .SPECIMEN  NO.  6 . SHOT  NO.  6 
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FIGURE  6-94  , SPECIMEN  NO.  6 .SHOT  NO.  6 . 

STRAIN  TIME  HISTORY 

343 


040  044  048  052  056  - 060  064  068  072  076  080 

TIME  IN  SEC0NDS 
CHANNEL  ID  S6-1C 

FIGURE  6-95  .SPECIMEN  NO.  6 . SHOT  NO.  6 
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FIGURE  6-96  . SPECIMEN  NO  6 . SHOT  NO.  6 
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FIGURE  6-97  , SPECIMEN  NO.  6 , SHOT  NO.  6 
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FIGURE  6-98  , SPECIMEN  NO.  6 , SHOT  NO.  6 
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FIGURE  6-99  , SPECIMEN  NO.  6 . SHOT  NO.  6 
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FIGURE  6-100  .SPECIMEN  NO.  6 .SHOT  NO.  6 
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SPECIMEN  NO.  7 & 8 


FLAT  HONEYCOMB  PANELS 

FOUR  SIDES  PINNED 

MATERIAL  - 5C52-0  ALUMINUM  ALLOY 


POISSON 

SPECIMEN  NO.  7 

'S  RATIO  - .33 

SPECIMEN  NO.  8 

.0002539  Ib-sec2/in4 

FACE  SHEET  DENSITY  ( MIL-HDBK-5) 

.0002539  lb-sec2/in4 

9.745  x 10-6  lb-sec2/in4 

CORE  DENSITY 

1.214  x 10-5  1 b-sec2/in4 

12.3  x 106  PSI 

FACE  SHEET  MODULUS  OF  ELASTICITY 

12.3  x 106  PSI 

2.85  x 106  PSI 

FACE  SHEET  SHEAR  MODULUS 

3.85  x 106  PSI 

67,275  PSI 

CORE  SHEAR  MODULUS 

88,900  PSI 

21.0 

FACE  SHEET  % ELONGATION 

21.0 

13,270  PSI 

FACE  SHEET  TENSILE  YIELD 

13,270  PSI 

30,300  PSI 

FACE  SHEET  TENSILE  RUPTURE 

30,300  PSI 

300  PSI 

CORE  SHEAR  STRENGTH 

400  PSI 

.013  IN. 

INNER  FACE  SHEET  THICKNESS 

.013  IN.  ; 

3/8  IN. 

CORE  CELL  SIZE 

1/8  IN.  j 

.3065  IN. 

CORE  THICKNESS 

.292  IN.  j 

.0135  IN. 

OUTER  FACE  SHEET  THICKNESS 

.014  IN. 

MI L- C- 7438  6.5-3/8-50 

CORE  SPECIFICATION 

Mil -C-7438  8.1-1/8-20  j 
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HONEYCOMB  PANEL  - LQAD/STRESS/DEFLEC i ION  DERIVATI ON 

The  panel  experiences  two  kinds  of  stresses. 

- Bending,  as  a plate 

- Tension,  as  two  separate  membranes  (skins) 

For  comparison  purposes,  this  analysis  will  correlate  to  data  obtained  from  static 
tests  of  simply  supported  honeycomb  square  panels  under  uniform  pressure.  The 
tested  panels  have  a 22  inch  span,  are  .333  in.  thick  overall  with  skin  thickness 
of  .0135  in.  each  and  have  a modulus  of  elasticity  of  12.3  x 10®  psi. 

Past  analyses  of  honeycomb  panels  have  computed  an  equivalent  thickness  in  homo- 
geneous material  and  derived  stresses  using  this  value.  In  order  to  select  che 
proper  analysis  method,  it  must  first  be  determined  which  category  (thick  plate, 
thin  plate  or  membrane)  best  fits  the  panel.  It  now  appears  that  using  the 
equivalent  thickness,  rather  than  the  actual  thickness,  to  select  this  category 
is  probably  in  error. 

For  the  subject  panels,  the  span/thickness  ratio  (using  the  panel  actual  thickness) 
establishes  these  panels  as  thick  plates. 

(b/t  = 22/. 333  = 66)* 

It  will  be  assumed  that  some  part  of  the  total  pressure  will  be  resisted  by  panel 

bending  - - call  this  portion,  Pp.  The  remainder  of  the  total  pressure  will  be 

resisted  by  membrane  action  - - call  this  portion,  P^.  Therefore,  Pyota^  = pr-  + 

2 P (since  there  are  two  membranes), 
m ' 

For  this  analysis,  the  equivalent  thickness,  tg,  shall  be  simply  = ^121,  where 

I ■ 2 t ( Ilfs')  2 

t = skin  thickness  = .0135  in. 
t = panel  overall  thickness  = .333  in. 

4 

therefore,  I = .00069  in  /in. 

and  t = .202  in. 

e 

I 

From  *,  the  following  relationships  are  obtained: 

, -c  F \>* 

For  a thick  plate:  </  = ~~~  v , (Deflection) 

' e. 


M = (3.  Ft" 


(Bending  Moment  at 
Center  of  Panel ) 


*"Airplane  Structural  Analysis  and  Design",  Sechler  and  Dunn. 
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(Stress) 


r 


or,  since  = 
For  a membrane.  ^ ~ 


\z  Tvv  \z  3 ? 


V 


f , v,, 


+2 


(Deflection) 

(Stress) 


where: 

b 

P 

E 

c 


«c  = 

<*,- 

nl = 
n2 


Panel  span  (in.) 

Pressure  (psi) 

Deflection  (in.) 

Modulus  of  Elasticity  (psi) 

Actual  distance  to  extreme  fiber  from  the 
neutral  axis  (in.)  (in  this  case,  t 

2 

Thick  plate  coefficient  for  deflection 
Thick  plate  ocefficient  for  stress 
Membrane  coefficient  for  deflection 
Membrane  coefficient  for  stress 


at  a/b  = 1 (square  panel)* 


a,- 


= .045 

.048 


'1 


.1665  in. 


= .315 

= .26  (at  center  of  panel) 


Since  the  total  deflection  is  the  same  for  the  thick  plate  as  for  the  membranes  - 


(2)  rr 

(3)  £ ?, 

F rom  ( 1 ) 


W\ 


~ \ V' » ^ ^ \ ^ i / ^ 


<^c 


i 

^ W 


oT\\ 


-V  ^ 


•(41 


The  relationship  between  P and  cT  is  now  established  and  can  be  plotted. 
Then  from  the  plot,  <f  can  be  determined  for  any  value  of  P. 


♦"Airplane  Structural  Analysis  and  Design",  Sechler  and  Dunn 
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TABLE  XXXII 

STATIC  TEST  STRESSES  - SPECIMEN  NO.  7 
(STRESSES  GIVEN  IN  PSI) 


STRAIN 

STATIC  PRESSURE  (PSI) 

GAUGE 

1.2 

1.5 

‘ 

S7-1 

-4006. 

-4726. 

-5 1 

S7-2 

8807. 

10843. 

121 

S7-3 

0 

0 

S7-4 

1 394. 

1739. 

21 

TABLE  XXXIII 

STATIC  TEST  DISPLACEMENTS  - SPECIMEN  NO.  7 
(DISPLACEMENT  MEASURED  AT  CENTER  OF  PANEL) 
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FIGURE  7 5 .SPECIMEN  NO.  7 . SHOT  NO.  1 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  7-6  SPECIMEN  NO.  7 . SHOT  NO. 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  7 7 SPECIMEN  NO  7 . SHOT  NO 
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FIGURE  7 9 .SPECIMEN  NO.  7 .SHOT  NO.  1 
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FIGURE  7-10  , SPECIMEN  NO.  7 , SHOT  NO.  1 , 
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FIGURE  7-11  .SPECIMEN  NO.  7 .SHOT  NO.  1 , 
STRAIN  TIME  HISTORY 
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FIGURE  7-12  .SPECIMEN  NO.  7 . SHOT  NO.  1 

STRAIN  TIME  HISTORY 
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FIGURE  7-13  .SPECIMEN  NO.  7 , SHOT  NO  1 

STRAIN  TIMF  HISTORY 
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FIGURE  7-14  , SPECIMEN  NO.  7 , SHOT  NO.  1 

STRESS  TIME  HISTORY 
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FIGURE  7 15  , SPECIMEN  NO.  7 , SHOT  NO.  1 

STRESS  TIME  HISTORY 
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FIGURE  7-16  , SPECIMEN  NO.  7 . SHOT  NO.  1 . 

DEFLECTION  TIME  HISTORY 
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FIGURE  7-17  .SPECIMEN  NO.  7 , SHOT  NO  2 . 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  7-18  , SPECIMEN  NO.  7 . SHOT  NO.  2 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 


TIME  IN  SECONDS 
CHANNEL  ID  P7-6 

FIGURE  7 19  .SPECIMEN  NO.  7 .SHOT  NO.  2 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  7-20  . SPECIMEN  NO  7 . SHOT  NO.  2 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  7 21  SPECIMEN  NO  7 , SHOT  NO  2 

STRAIN  TIME  HISTORY 
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FIGURE  7-22  , SPECIMEN  NO.  7 . SHOT  NO  2 , 
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FIGURE  7 24  , SPECIMEN  NO.  7 , SHOT  NO.  2 , 

STRAIN  TIME  HISTORY 
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FIGURE  7 25  .SPECIMEN  NO.  7 . SHOT  NO.  2 , 

STRAIN  TIME  HISTORY 
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CMRNNEL  It)  S7-2C 

FIGURE  7-26  , SPECIMEN  NO.  7 , SHOT  NO.  2 

STRAIN  TIME  HISTORY 
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FIGURE  7-27  , SPECIMEN  NO.  7 , SHOT  NO.  2 

STRESS  TIME  HISTORY 
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CHANNEL  ID  BP-9 

FIGURE  7 29  . SPECIMEN  NO.  7 . SHOT  NO.  2 

DEFLECTION  TIME  HISTORY 
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FIGURE  7-31  SPECIMEN  NO  7 , SHOT  NO  3 . 

TUNNEL  WALL  Ktt-LECTED  PRESSURE  TIME  Hlb  i ORY 
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FIGURE  7-32  , SPECIMEN  NO.  7 , SHOT  NO.  3 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


FIGURE  7 33  SPECIMEN  NO  7 . SHOT  NO  3 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  7 39  , SPECIMEN  NO.  7 .SHOT  NO.  3 
STRAIN  TIME  HISTORY 

PRESSURE  IN  PSIG 


TIME  IN  SECONDS 
CHANNEL  ID  P-5 

FIGURE  740  .SPECIMEN  NO.  7 .SHOT  NO.  4 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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PRESSURE  IN  PS I G 
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FIGURE  7-42  . SPECIMEN  NO.  7 , SHOT  NO.  4 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


TIME  IN  SECONDS 
CHANNEL  ID  P/-10 

FIGURE  7-43  .SPECIMEN  NO.  7 , SHOT  NO.  4 

INTERNAL  PRESSURE  TIME  HISTORY 
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FIGURE  7-48  . SPECIMEN  NO.  7 . SHOT  NO.  4 

STRAIN  TIME  HISTORY 
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FIGURE  7-49  , SPECIMEN  NO.  7 , SHOT  NO.  4 

STRAIN  TIME  HISTORY 
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FIGURE  8-4  .SPECIMEN  NO.  8 . SHOT  NO.  2 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  8 5 SPECIMEN  NO.  8 , SHOT  NO.  2 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 

392 


z 

• 

r 

AAi 

111 

& 



1 

v 

i... 

1 

1 15 

1 th 

1 

40 

\ L 

CHANNEL  ID  PS-6 

FIGURE  8 6 .SPECIMEN  NO.  8 , SHOT  NO.  2 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


MI CFO? TRAIN 


18S  192  196  200  204  208  212  216  220  224  228  232  226  240  244 


TIME  IN  SECONDS 
CHANNEL  ID  S8-1R 

FIGURE  8-8  .SPECIMEN  NO.  8 . SHOT  NO.  2 . 

STRAIN  TIME  HISTORY 


■ 


1 ' t 


r k i 


J j 

- } l • • 

/ ^ 

/ ) 

f j 

i 

' i 

' « 

■ i 

1 1 

■ - 1 i 

i \ 

n 

A/  \ 

I i 

i 1 

-t- 

f i 

. i 

M 

• 

/ 

;v 

vJ  - 

7 r V 

■ i 


i > * 

i W I . 


p: 


■ v 


200  204  208  212  216  220  224  228: 

TIME  IN  SECONDS 
CHANNEL  ID  S8-1C 
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FIGURE  8 11  , SPECIMEN  NO  8 .SHOT  NO.  2 , 

STRAIN  TIME  HISTORY 

395 


226  240  244 
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FIGURE  8-12  .SPECIMEN  NO.  8 
STRAIN  TIME  HISTORY 
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FIGURE  8 13  .SPECIMEN  NO.  8 , SHOT  NO  2 

STRAIN  TIME  HISTORY 
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FIGURE  8 16  , SPECIMEN  NO.  8 .SHOT  NO.  2 

DEFLECTION  TIME  HISTORY 


240  244  24$ 


iM 


v Z1 


188  192  196  200  204  208  211  Ilf  120  224  228  2 

TIPIS  IN  second: 

CHANNEL  ID  P-5 

FIGURE  8 17  .SPECIMEN  NO  8 . SHOT  NO  3 . 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  8 22  . SPECIMEN  NO.  8 , SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  8 23  . SPECIMEN  NO.  8 , SHOT  NO.  3 

STRAIN  TIME  HISTORY 
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FIGURE  8 30  , SPECIMEN  NO.  8 , SHOT  NO.  4 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  8 31  , SPECIMEN  NO.  8 , SHOT  NO.  4 , 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  8 34  , SPECIMEN  NO.  8 , SHOT  NO  4 
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FIGURE  8 36  , SPECIMEN  NO.  8 , SHOT  NO.  4 # 
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FIGURE  8-42  . SPECIMEN  NO.  8 , SHOT  NO.  4 , 
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FIGURE  8 45  , SPECIMEN  NO  8 , SHOT  NO.  5 . 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


472 


TIME  IN  SECONDS 
CHANNEL  ID  P8-10 


FIGURE  8-46  , SPECIMEN  NO.  8 . SHOT  NO  5 , 

INTERNAL  PRESSURE  TIME  HISTORY 
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SPECIMEN  NO.  9 
FLAT  STIFFENED  PANEL 
STIFFENERS  CLAMPED 

STIFFENER  MATERIAL  - 2024-T3511  ALUMINUM  ALLOY 
DENSITY  - .000259  lb-sec2/in4  (MIL-HDBK-5) 
POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.6  x 106  PSI 
% ELONGATION  - 22.0 
Fty  - 52,230  PSI 
Ftu  - 66,320  PSI 

STRESS-STRAIN  DATA  BASED  ON  COUPON  TESTS  & MIL-HDBK-5 
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% ELONGATION  - 18.0 
Fty  - 52,710  PSI 
Ftu  - 67,310  PSI 

STRESS-STRAIN  DATA  BASED  ON  COUPON  TESTS 
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STATIC  TEST  STRESSES  - SPECIMEN  NO.  9 
(STRESSES  GIVEN  IN  PSI) 
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STATIC  TEST  STRESSES  - SPECIMEN  NO.  10 
(STRESSES  GIVEN  IN  PSI) 


STRAIN 

STATIC  PRESSURE  (PSI) 

K 

GAUGE 

1.2 

2.4 

3.6 

4.2  4.8  5.1  5.4 

5.7 

6.0 

* 

\ 

k 

S 1 0-2 

5126. 

10927. 

15072. 

16814.  18079.  18621.  19107. 

19623. 

20033. 

* 

S 1 0-3 

-5681. 

-9288. 

-11716. 

-12575.  -13192.  -13358.  -13483. 

-13621. 

-13756. 

S 10-4 

-821. 

-2268. 

-3726. 

-4439.  -5281.  -5497.  -5832. 

-6156. 

-6577. 

S 1 0-5 

-670. 

-1156. 

-1523. 

-1868.  -2041.  -2084.  -2290. 

-2376. 

-2592. 

i; 

SI  0-6 



5789. 

11794. 

17906. 

21060.  24311.  25834.  27302. 



28890. 

30510. 

TABLE  XXXIX 

STATIC  TEST  DISPLACEMENTS  - SPECIMEN  NO.  10 
(DISPLACEMENT  MEASURED  AT  CENTER  OF  PANEL) 


STATIC  PRESSURE  (PSI) 


DISPLACEMENT 

(INCHES) 


1.2 

2.4 

3.6 

4.2 

4.8 

5.1 

5.4 

5.7 

6.0 

053 

O 

CO 

.149 

.173 

.197 

.209 

.221 

.233 

.245 

w 


NOVA-2  DATA  DECK  LISTING 


rest  iPteiMcN  no. 9 - 

OfNAMlC  ANAL  7 5 1 S - ITtPAflOd  TPO 

SOLJT 10  4 

C?H 

1 

1 

0 

OH 

2 

30  00. 

0.001 

0 . o2 

0.0 

iyt' 

3 

0.0 

0 • u 

O.o 

0.0 

*♦ 

1 3 

1 3 

3 

3i)u.u 

■jP 

7 

OP 

8 

£ 

0 

0 

1 

oP 

10 

0.8 

bM 

1 1 

0 

0 

o** 

12 

U 

0 

oP 

18 

2 

2 

OP 

16 

48.0 

0.0 

GP 

1* 

20.0 

96.0 

jK 

19 

-60.0 

0.0 

oP 

20 

-70.0 

96.0 

oP 

£ J 

0 

GP 

21 

H 

b 

1 

vjH 

C 3 

-21.0 

0.0 

21.0 

aP 

£3 

0.0 

OP 

3 0 

£ 

2 

5 1 

1 

1 0-0 

1 

i 0 

h 

<♦ 

J- 0 

£ 

0*0 

0.0 

OP”  O 

3 

1.0 

J • u 

c-*1 

a 

2.0 

0 . 0 

0 — 3 

b 

3.0 

0.0 

b 

4 . u 

O.o 

o*-*o 

b 

3*0 

0.0 

o^O 

3 

0 . 0 

0.0 

jr'-i 

b 

/.o 

J • U 

o-’b 

3 

3.0 

0.0 

Jr-O 

3 

U 

0 . 0 

o-rf 

b 

10. 0 

u • 0 

b 

11.0 

0.0 

o'-'b 

b 

12.0 

0 .0 

b 

13.0 

0.0 

b 

14.0 

0.0 

b 

lb.  0 

0.0 

b 

l 6 . 0 

0.0 

o^d 

b 

17.0 

0.0 

GPrt 

b 

17.8 

0.0 

b 

18.0 

0.0 

a 

7 

u 

0P3 

a 

1 

1 

1 1 

12 

.000289 

.000259 

.000289 

.000259 

o^a 

1 j 

9.0 

!■» 

0.0625 

jPO 

1 3 

1.74 

VjHo 

1 o 

3 

or-  a 

1 7 

.00386 

36618. 

o^a 

Is 

.0062 

44000. 

uPd 

1 6 

.0068 

4900o . 

1 a 

3 

jr-a 

1 * 

. 0 0 0 3 2 

332  JO . 

op'd 

£ U 

.0094 

34000  . 

or’b 

£0 

0.18 

69300 . 

OjD 

£0 

'J  • 0 * a 

o-a 

1 3 

BEST,  AVAILABLE  COPY 


.003719 

• 00o4 

.22 

.004927 

• Q0a8 
0.c2 
2.014 
0.101 


.003719 
. 0 0 o4 
.22 

.004927 
.OooS 
0 • £ 2 
0.090 
0.705 

.000719 
. 00o4 
.2c 

.004927 
. Quod 
0.22 
0.0 


NOVA-2  DATA  DECK  LISTING  (CONTINUED) 


39419. 
34000. 
ob 32  0 . i 
3 

52230. 

38000. 

66320. 


39419. 

54000. 

66320.0 

1 

522 JO . 
56000  . 
66320. 


39419. 
34000 . 
66320. >, 

3 

52230. 
58000. 
66320 . 
0.003 


23.0 


yt'o  16 
oi-'a  17 
of-n  la 
ol-'d  lo 
ar'a  1 8 
DfO  1 9 

Ur-O  20 

\jPn  c 0 

oHd  20 
1 5 

1 3 

‘jfi  17 
oHi  1 a 
•j*-a  i s 

gKO  1 6 
ot-o  1 9 
ot-'o  2 0 
jrn  C0 
ur-a  CO 
Ul-B  13 
oOS  1 6 
*j>-a  1 / 

jr*n  la 
J-r>  1 a 
1 - 

uf'e  1 9 
v>C3  2 0 
ui'o  20 
Ur'S  20 
c 2 
(jf  3C 


NOVA-2  DATA  DFCK  LISTING 

TEST  Sr>EClMc.N  NO.  10  - DYNAMIC  ANALYSIS  - IfcWAriYt  f MO  bULUllJN 


1 

0 

dOoO. 

0.001 

u . o<r 

0 .0 

0.0 

c 

• 

c 

ID 

Id 

d0 0 • 0 

t 

0 

0 

1 

o.s 

0 

0 

0 

0 

8 

8 

A8.0 

0.0 

20.0 

96.0 

-60.0 

0.0 

-70.0 

96.0 

0 

A 

6 

-<>1.0 

0.0 

£l  .0 

I I 


oM  1 
OM  C 
JP  j 
yH  »♦ 
a 
( 

uH  O 

9 

'oP  lu 
11 
1<? 
bP  lb 
bP  1 b 
oH  IS) 
UP  1* 
op  *;o 

^ o 

■jp  ^ i 
UP  £D 
yH  £b 
.iP  JO 
o^d  1 
d 

o-  j a 
j*-b  o 
vJ-'  3 O 
jKh  b 
oko  b 
j ^ d b 
oPb  b 

O^D  b 
jr'.i  b 
b 

jpfl  b 
o-’a  b 

yJb  b 
d’-'o  b 
vy^b  b 
vjPb  b 
okcJ  b 
oPb  b 
jPb  b 
jPb  b 
y^d  b 
oPb  6 
«jptf  b 
»yPb  b 
bdb  b 
o^d  6 
oPb  b 
vjP  b b 
yj^H  b 
o *Ja  b 
sy  *'L5  o 
y»‘n  b 
o-'b  o 

b 

y^d  d 


NOVA-2  DATA  DECK  LISTING  (CONTINUED) 


r* — 


35.0 

0.0 

$• 

J fa . u 

O.i' 

Ur'd  7 

.. 

0 

j^d  a 

r 

1 1 1 

1 12 

> 

.000259 

.oooab9  ,oooab9  ,oooab9 

13 

9.0 

jrb  1** 

0 .0623 

*Pb  1 3 

1.74 

d 16 

J 

■Jr'  tt  1 7 

.00404 

39686 . 

oHb  1 a 

• ooba 

44000. 

•or'd  Id 

X 

• oo9a 

4900O . 

or-a  1 a 

s 

K 

3 

1 * 

•0055? 

54680. 

o^d  20 

.0094 

36000. 

<jPd  2 0 

J.  lb 

70200. 

U^d  ^ 0 

V 4 

0.098 

Uf'd  1 O 

• 

1 . QOb 

o-*d  la 

J 

1 7 

** 

. 00366 

39761 . 

i o 

. 0 Ob9 

50000. 

Or'D  1 d 

• 0 0 04 

54000. 

sJ-'  D 1 I 

3 

j-'a  i * 

.00463 

b2  7 1 J . 

w’-o  2 U 

L 

.0068 

bbOoO  . 

o d d ) 

0.18 

o731o  . 

o o 2 0 

a. 0195 

lr> 

0.103 

o^d  1 a 

J 

vj-'O  l 7 

. Ou  Jb6 

39761 . 

o^a  1 a 

. Oob9 

3 0 0 0 0. 

yjr'd  1 O 

. 0064 

34000. 

o-*a  l a 

3 

JKO  1 V 

.00488 

32710. 

u'-'d  20 

.0  066 

38000. 

oJd  20 

•v 

o.le 

0731 J. 

o^a  2 0 

0 • 0o4b 

o^a  1 a 

0.7a4 

b^d  1 a 

3 

oPrf  17 

•00 Jbd 

39761. 

oke  1 a 

.00b9 

30000  . 

oPd  lb 

• 00b4 

34000. 

sjKd  1 a 

3 

bPa  1 v 

.00488 

52710. 

aPd  2 0 

.0088 

36000. 

v>Hij  20 

0.18 

67310. 

o^a  20 

.000001 

0.005  63.0 

OPd  22 

oP  32 

442 


PRESSURE  IN  PSIG 


6 0 r * • r : — r r 


043  052  056  060  064  063  072  076  030  034  086  082  056  100  104  iOc 


TIME  IN  SECONDS 
CHANNEL  ID  P9-1 

FIGURE  9 9 .SPECIMEN  NO  9 SHOT  NO  1 , 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


444 


TIME  IN  SECONDS 
CHANNEL  ID  PA-in 

FIGURE  9-10  .SPECIMEN  NO.  9 . SHOT  NO.  1 

INTERNAL  PRESSURE  TIME  HISTORY 


A 


FIGURE  911  .SPECIMENNO.  9 .SHOTNO  1 
STRAIN  TIME  HISTORY 


FIGURE  9 12  .SPECIMEN  NO  9 , SHOT  NO  1 

STRAIN  TIME  HISTORY 


l 


i . 


' l 


V 

d t i/  : 

i . ...it 


A 

/V 


■ r 


■ a i v 


■■ 


/Vy  v 


-V  w.  , , 
rsA  1 


,ah  ; 

f\.:  v V 1 J 
V 


l ! 
I j 
I . 


: i 


3—~v.E_  ID  S3*” 2* 

FIGURE  9-13  .SPECIMEN  NO.  9 . SHOT  NO.  1 . 

STRAIN  TIME  HISTORY 


• A 


. t 

V 


072  07 £ 080  08- 

7!  fir  IN  SECONDS 


CHANNEL  ID  S9-5 

FIGURE  9-14  .SPECIMEN  NO.  9 , SHOT  NO.  1 

STRAIN  TIME  HISTORY 


. i 


) l 


I 1 


\ 


i 

r 

i 

1 1 

r i 

A ■> 
V ' 

/ / 

J V 

. A 

''Vi/  \ 

i 

i 

, ] 

- 

i 

\ i 

7 ' '' 

if  i ' 

;h  se: 


FIGURE  9 15  .SPECIMEN  NO.  9 , SHOT  NO.  1 . 

STRAIN  TIME  HISTORY 

447 


swsm-sj  ^ 


) : : 


A. 


U-  : : vV  v 

l . i:  ■ \ !:  - 


\ /V  V ;fW 


; f H; 


w \ 


1/ 


r051  -05S  .059  -063  -067  -071  .075  078  .035  ^057  -DC 

TIME  IN  SECONDS 
CHANNEL  ID  S9-5 

FIGURE  9-16  .SPECIMEN  NO.  9 , SHOT  NO.  1 

STRESS  TIME  HISTORY 


■ «ca.-! 


HtU-'.-f 


j j 

Vi 

• i 


' : J 


Bffiu.-j 


-X.  .- 
I 


I 

\ 

■ ' \ A * 

- t n . * ■ ■.  > r A 

' . -v  . ; v./\:  / ; 

’ ■ S' 


-■055  05P  .ns*  .067  .07; 


TIME  IN  SECONDS 
CHANNEL  ID  S»-6 


FIGURE  9-17  SPECIMEN  NO.  9 , SHOT  NO.  1 , 

STRESS  TIME  HISTORY 


448 


PRF^UPf  IN  F"'1G  DEFLECTION  IN  INCHES 


channel  id  D9-4 

FIGURE  9-18  .SPECIMEN  NO.  9 , SHOT  NO.  1 , 

DEFLECTION  TIME  HISTORY 


hi  Jdir.s, a.-u  Niuaisasoiu 


TIKE  1U  S.cC'JNLE 
CHANNEL  ID  P9-1C 


FIGURE  9-22  . SPECIMEN  NO  9 , SHOT  NO.  2 

INTERNAL  PRESSURE  TIME  HISTORY 


MIC  POSTPfilN 


1 V 

1 i 

,11 

'll 

' 1 T ’t 

* ‘ 

i S 

fiA  \ fi  {’>  <• 

L'  \ f\  M A ji  jM 

if  q .,!'i  /V>  W\  a; 

1 VA?  f !»•  y I /* 

Va  ' V V 

11  » i 

• r 

1 'V. 

1 [ 

1 

■ 

I 

1 

T ) 

> 

T ; 

' 

t i 

■ 

1 

: u 

V 

-i" • - — r — r-V 

. 

\ 

044  04g  Of:  056  060  064  068  072  076  080  084  - - 

TIME  IN  SECONDS 
CHANNEL  ID  SS-2B 

FIGURE  9 24  , SPECIMEN  NO.  9 .SHOT  NO.  2 . 

STRAIN  TIME  HISTORY 


1 V iy  » W 

; |f  \ ■ v ¥ ' v 

V 

• 

l 

1 

h y I? 

1 

II  ■ 

J 

, * 

1 

i 

1 

i 

044  043  052  056  060 

f 

064  - ®4 

TIME  IN  SECONDS 

CHANNEL  ID  S2-2C 

FIGURE  9-25  . SPECIMEN  NO.  9 . SHOT  NO.  2 . 

STRAIN  TIME  HISTORY 

452 


M I CR03TRA I N M I f.  R0*3 TRAIN 


TIME  IN  SECONDS 
CHANNEL  ID  3S*~5 


FIGURE  9 26  . SPECIMEN  NO.  9 . SHOT  NO  2 

STRAIN  TIME  HISTORY 


3000 


2000 


1000 


0 


f 

J, 

1 

! 

l 

L ...  f 

) 

i 1 

,y 

! ? 

■ ( 

! 

f 

L A:  . 

i i r 

j 

< 

J \ 

1 / 1 JU 

I 

j Vy  V V /A  /■  J >rv 

j 

\ . w * vv  vV  \ K 

j 

■ j 

» . 

1 

A 

A* 


'IMS  IN  SECONDS 
CHANNEL  ID  S?-6 

FIGURE  9-27  , SPECIMEN  NO  9 , SHOT  NO.  2 , 

STRAIN  TIME  HISTORY 


453 


FIGURE  9 28  , SPECIMEN  NO.  9 , SHOT  NO.  2 . 

STRESS  TIME  HISTORY 


f 


*■ 


TIME  IN  SECONDS 
CHANNEL  ID  S9-6 


DEFLECTION  IN  INCHES 


•1 


044  043  052  056  060  064  068  072  076  080  084  038  091 

TIME  IN  SECONDS 
CHANNEL  ID  D9-4 

FIGURE  9 30  , SPECIMEN  NO.  9 , SHOT  NO.  2 , 
DEFLECTION  TIME  HISTORY 


CHANNEL  ID  C“5 

FIGURE  9 31  .SPECIMEN  NO.  9 . SHOT  NO  3 . 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 

455 


h 

\ 

, \ 

i) 

TIME  IN  SECONDS 
CmmNNE^  ID  PS-10 

FIGURE  9 34  , SPECIMEN  NO.  9 , SHOT  NO.  3 

INTERNAL  PRESSURE  TIME  HISTOHY 


/ 

' 

i 

t - 

\ j 

» r 


I 

040  044  048  052  05t  0<50  064  066  072  076  03  G 0 

TIME  IN  SECONDS 
CHANNEL  ID  $ 2-2* 

FIGURE  9 35  , SPECIMEN  NO.  9 , SHOT  NO  3 

STRAIN  TIME  HISTORY 


M I CR0ST RRIN  Nir  P r FR 1 U 


60G 


600 


40C 


200 


0 


-200 


-400 


t 

*■  }' 


t t ,T 

' i ; (i 


: • 

/ 

f _ ; 

; i 

(1 

; i 

t * . - 1 

i 

t 

( 

: ' 

: S 1 . a!1A  ::  ! 

j i f ' 

[ v f i ‘ { ' 

; \ 

; f ' 

i .j . \ 

A i f 1 , , ■ 

l-  V J * 

I A V 

H 

n U*\j 
iJ  ! 

J < ' rv 

I 

u 

T 

040  044  048  052  056  060  664  068  0?2  076  080  084  OSS  092  096 

TIME  IN  SECONDS 
CHANNEL  ID  SS-26 

FIGURE  9 36  . SPECIMEN  NO.  9 .SHOT  NO.  3 
STRAIN  TIME  HISTORY 


Q4C  ;44  4 052  056  06C  064  068  0~'  0P6  DSC  004  908  092  096  UK 


TIME  IN  SECONDS 
CHANNEL  ID  S9-2C 

FIGURE  9 37  . SPECIMEN  NO  9 . SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 


458 


MtfcdSTFAIN  mCPCSTRRIN 


I ■ 


i i 

t < i 


V 
/ : 


v 

/ \ 


t 


A 


A.  :. 
\ 


I i 


; ' t 

1 W,  / 
>'  1 » 


v A: 


V // 


, 1 


\ J 

* t 

\ f 


w 


040  044  043  052  056  060  064  066  072  076  030  034 

TIME  IN  SECONDS 
CHANNEL  ID  SS-5 

FIGURE  9 38  . SPECIMEN  NO.  9 , SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 


f i 


200 


LI 
! i 

I \ 

1 a K{  A 

1 

i 

, V n n 

j 

1 

\ ; 

\ Vi  j i •’  ' A 

I 

; i i \ i ^ 

i ..1  , If 

\ 

i / 

w v * 

7 V » 

y 


080  034 


040  044  043  052  056  060  064  06c  072  • 

TIME  IN  SECONDS 
CHPNNEu  ID  S3- 6 

FIGURE  9 39  , SPECIMEN  NO.  9 . SHOT  NO  3 . 

STRAIN  TIME  HISTORY 

459 


0?2  036  IOC 


ax 


;*»***■*  •'w  , 


,1  t • 


! 1 ; 


’ -03P  -042  -C^B  -050  -054  -05F  -tJ52  -055  070  -074  -075  -0?2 

TIME  IN  SECONDS 
CHANNEL  ID  S9-5 

FIGURE  9-40  . SPECIMEN  NO.  9 . SHOT  NO.  3 

STRESS  TIME  HISTORY 


TIME  IN  SECONDS 
CHANNEL  ID  S9-6 


FIGURE  9-41  .SPECIMEN  NO.  9 , SHOT  NO.  3 

STRESS  TIME  HISTORY 


fpf  vi!«.-F  IN  P3IG 


' i 


'INS  IN  SEC0n£*S 
CHRNNEi.  I?  P-* 

FIGURF  9-42  SPECIMEN  NO.  9 , SHOT  NO  4 

TUNNEL  WALL  INCIDE'-.T  OVERPRESSURE  TIME  HISTORY 


04C  044  0*9  052  056  060  0*£4  063  GrL  07(5  C 60  3S4  033  092  095  200 

TINE  IN  SECONDS 

Channel  id  e*-s 

FIGURE  9-43  , SPECIMEN  NO.  9 . SHOT  NO.  4 . 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
46) 


r 

I 


:c2  056 

060 

06t  068  072 

076  080 

time  in  seconds 

CniiNNeL  ID  F?-l 

FIGURE 

9~44 

.SPECIMEN  NO.  9 

, SHOT  NO. 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


4 


r* 


— . r- 


•.•51  056  060  . Cc-  On' v C ; C/n  GSO 

TIME  IS  SECONDS 
CuflNN=L  It  »?-10 

FIGURE  9-45  .SPECIMEN  NO.  9 .SHOT  NO. 
INTERNAL  PRESSURE  TIME  HISTORY 


462 


MICf»STRflIN  MICP0STRR1N 


5000 


% 


400C 


20u0 


200C 


1000 


0 


-1000 


1 

■ l) 

fi 

r* 


040  044  048  052  056  060  064  068  022  026  080  064  088  08*.  i?6 

TIME  IN  SECONDS 
CHANNEL  ID  38-28 

FIGURE  9-46  . SPECIMEN  NO.  9 .SHOT  NO.  4 . 

STRAIN  TIME  HISTORY 


T 


i I 


' J 


Ji 


! I f 


HM ' 

11 


V 


1 

.ill 

'•  i • A 

- V 

\ t 

[UII  Mj 

Itf 

r.  i 

#V.  i-i 

I 

L 1 

IV.  ( 

- ~ H 

f J 

076 

¥ 

080 

‘f 

I 

084  OSS 

T ■ r 


TIME  IN  seconds 
ruflNNE^  ID  SS-JB 

FIGURE  9-47  , SPECIMEN  NO.  9 . SHOT  NO.  4 

STRAIN  TIME  HISTORY 


463 


MlCfieSlRfllN  mcpe»s  TRAIN 


040  C'44  048  052  056  060  064  068  072  076  0S0  0-34 


TIME  IN  SECONDS 
CHANNEL  ID  SS-2C 

FIGURE  9 48  , SPECIMEN  NO.  9 . SHOT  NO.  4 . 

STRAIN  TIME  HISTORY 


20000 


16000 


12000 


8000 


TIME  IN  SECONDS 
CHANNEL  ID  SS*-? 

FIGURE  9-50  . SPECIMEN  NO.  9 , SHOT  NO.  4 

STRAIN  TIME  HISTORY 


Iv/-  *■  : 'l. 

-V  ^ rT+tjr-f... 


i ; 


! V 


\ * ‘1 
> VM  A 

Wv/WV 


W \ 


##  * 


060 


U 


0?« 


080 


064  Oft 
TIME  IN  SECOND* 

CHANNEL  ID  05—4 

FIGURE  9 51  .SPECIMENNO.  9 . SHOT  NO. 

DEFLECTION  TIME  HISTORY 


PRESSURE  IN  PS  HI  rRESSURf  IN 


I 


0*8  052  .056  060  064  063  072  0 76  030  C34  030  092  096  t'70 

TIME  IN  SECONDS 
CrinNNEL  ID  P-5 

FIGURE  10-7  , SPECIMEN  NO.  10  , SHOT  NO.  1 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 


l 


0*2  052  0 56  060  064  0 €i  072  CCS  080  054  OSS  092  0 96 


TIME  IN  SECONDS 
Cwfiff.'NEL  ID  &t-5 

FIGURE  10^  .SPECIMEN  NO.  10  , SHOT  NO.  1 . 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 

466 


PH  UPf  IN  P'31 


: M A ' ‘ V 


: ■>  1 f *'v  ,il‘V  ■ -■  ” ; 

L*  . ■ < ; t.Hg  V • •• 

\ li  i i;  V ‘ ? h'-  - ^V-  1 


■ ' ..  It  .L'  . , -'1  * ; -,i  * 

C •;  ■ *" 


L-.  ■ ■ !;  $ : 

„ | J 


j?2  076  08C 


TIME  IN  SECONDS 
Channel  ::  »io-i 


FIGURE  10-9  , SPECIMEN  NO.  10  SHOT  NO  1 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


’ 

I*’  v> 


• ;;  : * 


(El 


J-  V./'- 

• •tv^.v 


II  i f-i  H f v 

f,  I i | iir  j f ‘ ••  _•{ 

. t ieihI  iij  It  ;'i  i • I . ■ 

f r'f  !•  r 


: . ;v. J ■ 

I. , i. 


i.Lif  i-”W:l 

i ■ - 


•i.  Mil  ! i *Tfc « r}  i i 


C4&  052  056  060  064 


064  068  072  076  080  084  CSS  052  C 

TIME  IN  SECONDS 
channel  II  C1>10 

FIGURE  10  10  .SPECIMEN  NO.  10  , SHOT  NO.  1 . 

INTERNAL  PRESSURE  TIME  HISTORY 

467 


niCP0>TPRIN 


rr 


a 


l \ 


t 


r \ 


l\. 

I 1 


i r 

I f 


i \ 


! v 
/ \ 


l \ 

f 1 
i 

M * 1 

\ l ) f \ 

l f \ J \ / \ 

, , V y \ > ! 

i 

' 1 

( 

' '1 

i K * W 1 i 7 

[U  v > \j 

\j  v ' 

Q 

V 

048  052  058  060  064  068 


072  076  080  084 

TIME  IN  SECONDS 
CHANNEL  ID  SlO-28 


038  092  096  10G 


FIGURE  10-11  .SPECIMEN  NO.  10  , SHOT  NO 
STRAIN  TIME  HISTORY 


600 


f 1 

ft 

J I 

1 

/i 

i 

w 

\ 

\ f \ 

Oji 

i i 

1 I 

V TV  \ 

i ./ 

i \ ; \ 

n 

1 

j t 

r 

j \ 

1 

i j . k 

! \ 

II  il 

j.  L l . 1 

r ‘ 

1 

M 

l/f  1 [ t 

* \ \ 1 

t ’ 

\ f 

1 

1 

v \ 

ll J 

f r f f 

» 1 

04£  052  056  060  064  068  072  076  080  084  08S  <092  096  100  104  10€ 

TIME  IN  SECONDS 


FIGURE  10  12 


CHANNEL  ID  S10-2B 

. SPECIMEN  NO  10  . SHOT  NO. 
STRAIN  TIME  HISTORY 

468 


MICR0STRA1N  MICMttTPRIH 


I 


| 

048  052  056  06C  364  068  372  378  4 38  092  - 104  108 

TIME  IN  SECONDS 
CHANNEL  ID  S10-2C 

FIGURE  10-13  .SPECIMEN  NO.  10  .SHOT  NO.  1 . 

STRAIN  TIME  HISTORY 


200 


100 


0 


CHANNEL  ID  SI 0-4 

FIGURE  10  14  .SPECIMEN  NO.  10  , SHOT  NO.  1 . 

strain  time  history 


469 


MICPWSTPfilN 


* 


\ 

f ; 

' \ 


048  052  056  060  064  068  0/2  076  080  084  088  092  086  100  104  108 


TIME  IN  SECONDS 
* CHANNEL  ID  D1Q-7 

FIGURE  10  17  .SPECIMEN  NO.  10  . SHOT  NO.  1 . 

DEFLECTION  TIME  HISTORY 


[ 


C Vinm 


046  052  056  060  064  068  072  076  080  084  068  092  096  ICO  104  108 

TIME  IN  SECONDS 
CHANNEL  ID  P-5 

FIGURE  10-18  .SPECIMEN  NO.  10  , SHOT  NO.  2 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 


471 


" 

« i i !-  i A 1 > ■ i | 

Vs..  *»  - hL  _■  i h,  f.  I-  ; 1 1 

If) 

~~  6 

YY  ^ !•  \ ! , i ' 

'*?'  W r-‘,  vfti,  Y rh  M:i 

‘ 1 SJ  * -i\  ■)■  ...  1 

'>  V t V Y“'  - • Y-; 

t 1 : • • • 

■ iVvYiV"  ■ 

.048  052  056  0*50  064  . 068  C72  076 

000  . 0E4 

CSS  w32 

C36  IOC 

104 

lie 

TIME  IN  SECONDS 
CHANNEL  ID  PT-5 

FIGURE  10-19  .SPECIMEN  NO.  10  . SHOT  NO.  2 , 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 


;o 


CTi 

40 

ii«  i 

r \ 

M| 

I;.  ..  ; . 

i. 

. r 

■.,*£ 

! 1 ’ - 

L J 1 

* r 

30 

i 

. V 

b 

: Vf  < 

1 

* U 

, : . j. 

.'Hi 

. j 

% 

.1. 

• !-  V. 

;v,:  : y , H 

i *i  j. 

'{  • ‘ l • 

it:. 

V 

H. 

V 

ri 

t 

v r 

'•  . • • r ■ ' ' ' i 

i‘  f if,,  r i ? *•: 

• l I t+ 

| ; 

5 

1 

1 

V : 

V--- -I"  ill  } - 

re 

i . ! 

V'Vi  V 

f ll 

l 0 

* ; 

• 

Cf; 

10 

\ 

Hi 

h*  . a 

it  1 r 

t 

V- 

•;.i  • 

#- 1 

• J. 

i‘ 

■ 

\ 

V .1 

ll 

i ' ' i.. ' ; . 

Ji 

& 

* 

S¥lj4gf|r  | 

fa 

II 

V. 

fi  ; i ' ' ! ' " 

048  052  056  060  064 

. 068  072 

TIME 

076  080  034  0S3 

IN  SECONDS 

. 092  096  10  C 

ICS 

channel  id  pio-ic 

FIGURE  10-21  .SPECIMEN  NO.  10  , SHOT  NO.  2 
INTERNAL  PRESSURE  TIME  HISTORY 


048  052  056  060  064  068  022  076  080  084  088  092  096  100  104  106 

TIME  IN  SECONDS 
Channel  id  sio-za 

FIGURE  10  22  , SPECIMEN  NO.  10  . SHOT  NO.  2 . 

STRAIN  TIME  HISTORY 

473 


MICR0STRRIN  MIC  RESTRAIN 


CHANNEL  10  S10-2B 

FIGURE  10  23  .SPECIMEN  NO.  10  .SHOT  NO.  2 . 
STRAIN  TIME  HISTORY 


¥ 


048  051  056  060  064  060  072  . 076  0S0  084  088  092  096  100  104  108 

TIME  IN  SECONDS 
CHANNFl  ID  S10-2C 

FIGURE  10  24  , SPECIMEN  NO  10  , SHOT  NO.  2 , 

STRAIN  TIME  HISTORY 


474 


MICR0STRR1N 


CHANNEL  ID  S10-4 

FIGURE  10-25  , SPECIMEN  NO.  10  , SHOT  NO.  2, 
STRAIN  TIME  HISTORY 


i£l±j 


TT  O'*  XWT  Of-* 
TIME  IN  SECONDS 
CHANNEL  IO  SIO-6 


FIGURE  10  27  SPECIMEN  NO  10  SHOT  NO  2 
STRESS  TIME  HISTORY 


CH^NNSl  II-  DiC'-" 

FIGURE  1D28  .SPECIMEN  NO  10  . SHOT  NO 

DEFLECTION  TIME  HISTORY 

476 


: ec  :c4  on  :.?*  coo 

:?4  dss  092 

Lj. 

Tir.E  in  SECONDS 

CHANNEL  ID  s>-5 

FIGURE  10-29  , SPECIMEN  NO.  10 

, SHOT  NO.  3 , 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  IIME  HISTORY 


c 


% li  -s  !■  . \ ■■ 


" **■"  ""  ’*C:r 


! - *».?  fn*  •-  . \'J|  * « * ‘ ji.'  V,  S I Ifc  »-  * V.»  f 

: »i  v ‘f  * ‘V*:  -V'i.t  ■*  >;■  t'r 

r*  fc-.fr  * **  ’ •*’  y t v-  • 

• \ it  Vu  / V*  ’ • r< 

1 ' ■ n p f H i t:  , • -»• 


••*'•  . _>C.»  ,lr‘  ' 1 ; J 


T'-'S  •*; 


FIGURE  10  30  .SPECIMEN  NO.  10  . SHOT  NO.  3 , 

TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 


»»••• 


477 


FIGURE  10-31  .SPECIMEN  NO.  10  , SHOT  NO.  3 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


FIGURE  10-32  , SPECIMEN  NO.  10  , SHOT  NO  3 
INTERNAL  PRESSURE  TIME  HISTORY 


• ^ 

1 ..L  J . . \ J V/ 

i _ J 

t J t f y 

1 V 

1 J . ■ 

kjf 

T 

048  052  056  060  064  063  072  076  080  034  088 


TIrtE  IN  SECONDS 
CHANNEL  ID  S10-2A 

FIGURE  10-33  . SPECIMEN  NO.  10  . SHOT  NO.  3 

STRAIN  TIME  HISTORY 


n 

j. 

j] 

I j i 

1 \ 

i ) 

1 4 ;\  . 

M 1 i 

1 1 . . n 

> i 

j 

L : / h J A 

1 1 i 

j if  if  v 

LL  k | 

if  11 

* Y 

04  c 052  056  060  064  068  072  076  080  084  086 

TIME  IN  SECttOS 

channel  ::  sio-2B 

FIGURE  10  34  SPECIMEN  NO  10  SHOT  NO  3 
STRAIN  TIME  HISTORY 

AD- A 052  029 


UNCLASSIFIED 


BOEINO  WICHITA  CO  KS  F/«  18/3 

STRUCTURAL  RESPONSE  TO  SIMULATED  NUCLEAR  OVERPRESSURE  (STRESNO)-- CTC(U) 
MAR  77  R P SYRIN«»  W D PIERSON  DNA001-76-C-0084 


D3-97BS-5-V0L-2 


DNA-4278F-2 


6^8 

009 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BURT  All  • STANDARDS  1963-,^ 


250 


0 A 

ti  ru 


i.  \ 

\ 

!. 

L * 

i y 

r 

\ 

] 

r i 

r 

...  ‘ 

m 


S w \/ 
SO  » 


■ ■ an  ■ 


048  052  056  060  064  068  072  . 076  080  084  086  092  096  100 

TIME  IN  SECONDS 
CHANNEL  ID  S10-2C 

FIGURE  10-35  . SPECIMEN  NO.  10  . SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 


L 


j 

i 

tt  ti 
i \ n 

' ; f \ 


y A 

A;  1 


, a 

1 1 i 

1 


! ¥ 


056  060  064  068  072  076  080  084  088  092  096  100  104  lOi 

TIME  IN  SECONDS 
CHflNNEL  ID  SID— 4 

FIGURE  10  36  .SPECIMEN  NO.  10  . SHOT  NO.  3 . 

STRAIN  TIME  HISTORY 

480 


TIME  IN  SEC0NOS 
CHANNEL  10  S10-6 

FIGURE  10-37  , SPECIMEN  NO.  10 
STRAIN  TIME  HISTORY 


SHOT  NO.  3 


TIME  IN  SECONDS 
CHANNEL  ID  SIO-6 
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FIGURE  11-43  SPECIMEN  NO.  11  . SHOT  NO.  3 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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. SHOT  NO.  5 


SPECIMEN  NO.  12 

SKIN/FRAME  CYLINDER 

FRAME  CLAMPED  AT  TWO  DIAMETRICALLY  OPPOSITE  POINTS 

MATERIAL  - 6061-T42  ALUMINUM  ALLOY 

DENSITY  - .0002539  1b-sec2/in4  ( MI L-HDBK-5) 

POISSON'S  RATIO  - .33 

MODULUS  OF  ELASTICITY  - 10.3  x 106  PSI 

% ELONGATION  - 25.0  N-A- 

Fty  - 19,460  PSI 

Ftu  - 37,900  PSI 

THE  SKIN  WAS  BONDED  TO  THE  FRAME  AND  WAS  NOT  INCLUDED 

IN  THE  CROSS-SECTION  DUE  TO  LACK  OF  SHEAR  TRANSFER 

STRESS/STRAIN  DATA  BASED  ON  COUPON  TESTS  AND  KIL-HDBK-5 


-*l  ■45"h-( 


2. 

-.103" 


SPECIMEN  NO.  13 

SKIN/FRAME  CYCLINDER 

FRAME  CLAMPED  AT  TWO  DIAMETRICALLY  OPPOSITE  POINTS 
MATERIAL  - 6061-T42  ALUMINUM  ALOOY 

DENSITY  - .0002539  lb-sec2/in4  (MIL-HDBK  5) 


4=4! 

I — .706^  : .105' 

SECTION  THRU  FRAME 


1 SYM. 


DENSITY  - .0002539  lb-secVirT  (MIL-HDE 
POISSON'S  RATIO  - .33 
MODULUS  OF  ELASTICITY  - 10.6  x 106  PSI 
% ELONGATION  - 25.5 


N.A.  | 

.245", 


fk 


70&H 


.706" 

.106" 


Ffv  - 20,800  PSI 

zy  SECTION  THRU  FRAME 

Ftu  - 36,690  PSI 

THE  SKIN  WAS  BONDED  TO  THE  FRAME  AND  WAS  NOT  INCLUDED 
IN  THE  CROSS-SECTION  DUE  TO  LACK  OF  SHEAR  TRANSFER 

STRESS/STRAIN  DATA  BASED  ON  COUPON  TESTS  AND  MI L-HDBK-5 

This  test  specimen  was  tested  and  analyzed  for  symmetric  loading  (shock 
propagation  vector  perpendicular  to  the  floor  beam)  as  well  as  assymmetric 
loading  (shock  propagation  vector  at  45°  with  respect  to  floor  beam).  In 
addition,  the  test  specimen  was  pressurized  to  3 psi  internal  pressure  for 
one  symmetric  load  test  shot  and  one  assymmetric  load  test  shot. 
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FIGURE  12-2  - SPECIMEN  NO.  12  - TEST  SET-UP  - SKIN  DEFORMED  UNDER  LOAD 


riGURE  12-4  - SPECIMEN  NO.  12  - EORWARD  ROSETTE  INSTALLATION 


FIGURE  13-1  - SPECIMEN  NO.  13  - TEST  SET-UP 
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FIGURE  12-5  - SPECIMEN  NO.  12  - SHOCK  TEST  SET-UP  - VIEW  FROM  REAR 


FIGURE  12-6  - SPECIMEN  NO.  12  - SKIN  WRINKLES  AFTER  THIRD  SHOT 


SKIN  WRINKLES  AFTER  FINAL  SHOT  - VIEW  FROM  REAR 
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SPECIMEN  NO.  12  - INSIDE  OF  SPECIMEN  - NO  VISIBLE  FRAME  DAMAGE 
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FIGURE  13-9  - SPECIMEN  NO.  13  - CATASTROPHIC  DAMAGE  AFTER  FINAL  SHOT  -RCAR  VIEW 
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FIGURE  13-10  - SPECIMEN  NO.  13  - CENTER  FRAME  DAMAGE  - FRONT  SIDE  IS  UP 
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FIGURE  12  28  . SPECIMEN  NO.  12  . SHOT  NO.  1 
STRESS  TIME  HISTORY 
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FIGURE  12  29  . SPECIMEN  NO.  12  . SHOT  NO  2 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  12-33  . SPECIMEN  NO.  12  . SHOT  NO.  2 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12  34  . SPECIMEN  NO.  12  . SHOT  NO.  2 . 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12  36  , SPECIMEN  NO.  12  , SHOT  NO.  2 , 
STRAIN  TIME  HISTORY 
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FIGURE  12  37  . SPECIMEN  NO.  12  , SHOT  NO.  2 . 
STRAIN  TIME  HISTORY 
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FIGURE  12  38  , SPECIMEN  NO.  12  , SHOT  NO.  2 
STRAIN  TIME  HISTORY 
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FIGURE  12-39  , SPECIMEN  NO.  12  , SHOT  NO  2 . 
STRAIN  TIME  HISTORY 
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FIGURE  1240  . SPECIMEN  NO  12  , SHOT  NO.  2 , 
STRAIN  TIME  HISTORY 
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FIGURE  12-48  . SPECIMEN  NO.  12  , SHOT  NO.  3 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12-49  , SPECIMEN  NO.  12  . SHOT  NO.  3 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12-50  , SPECIMEN  NO.  12  . SHOT  NO.  3 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


044  048  052  056  060  064  068  072  076  080  084  038  092  096  100 


TIME  IN  SECONDS 
CHANNEL  ID  P12-15 

FIGURE  12  51  .SPECIMEN  NO.  12  . SHOT  NO.  3 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 

588 


• r» 


A 


FIGURE 

TIME  IN  SECONDS 

CHANNEL  ID  S12-1C 

2-54  .SPECIMEN  NO.  12  . 
STRAIN  TIME  HISTORY 

SHOT  NO.  3 

i 

.1 

ju 

Q 

■w 

II 

1 

JLL 

j!  ’ 

i 

|4?  | 

V 

1 

11 

W 

.... 

JO 

~™i 

_ , 

r 

u i 

IT 

In 

1 

t 

f i j 

1 

K 

1 

Ki 

T 

1 

* ' • 

it 

.11 

E 

ff 

111 

5" 

1 

i 

l m 

« 

¥ 

T 

rm 

1 

\ 

T 1 

Ttj 

• 

ftj 

i | i 

ir 

r 

060  064  068  072  07€  080  084 

FIGURE 

TIME  IN  SECONDS 

CHANNEL  ID  S12-3 

2-55  . SPECIMEN  NO.  12  , 
STRAIN  TIME  HISTORY 

SHOT  NO.  3 

;trrin 


TIME  IN  SEC0NDS 
CHANNEL  ID  S12-? 

FIGURE  12  56  .SPECIMEN  NO.  12  , SHOT  NO.  3 
STRAIN  TIME  HISTORY 
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FIGURE  12  57  , SPECIMEN  NO.  12  . SHOT  NO.  3 
STRAIN  TIME  HISTORY 
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FIGURE  12  58  SPECIMEN  NO  12  . SHOT  NO.  3 . 
STRAIN  TIME  HISTORY 
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FIGURE  12  59  , SPECIMEN  NO.  12  , SHOT  NO.  3 , 
STRESS  TIME  HISTORY 
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FIGURE  12-61  , SPECIMEN  NO.  12  .SHOT  NO.  3 
STRESS  TIME  HISTORY 
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FIGURE  12-64  . SPECIMEN  NO.  12  , SHOT  NO.  4 , 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12  65  . SPECIMEN  NO  12  , SHOT  NO.  4 . 

SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 


095 


PPESSUPfc  IN  PS  I Li  PRESSURE  IN  PSIG 


m 


044  046  052  055  050  054  063  072  . 076  030  034  083  032  096  100 


TIME  IN  SECONDS 
CHANNEL  ID  P12-8 

FIGURE  12  66  . SPECIMEN  NO.  12  , SHOT  NO.  4 . 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12  67  . SPECIMEN  NO.  12  . SHOT  NO.  4 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12-68  , SPECIMEN  NO.  12  , SHOT  NO.  4 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  12  69  .SPECIMEN  NO.  12  .SHOT  NO.  4 . 
STRAIN  TIME  HISTORY 
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FIGURE  12  74  , SPECIMEN  NO.  12  , SHOT  NO.  4 . 
STRAIN  TIME  HISTORY 
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FIGURE  12-76  . SPECIMEN  NO.  12  , SHOT  NO.  4 , 
STRESS  TIME  HISTORY 
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FIGURE  12  80  , SPECIMEN  NO.  12  .SHOT  NO.  5 , 
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FIGURE  13-11  .SPECIMEN  NO.  13  . SHOT  NO.  3 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  13  13  .SPECIMEN  NO.  13  . SHOT  NO.  3 . 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  13  15  .SPECIMEN  NO.  13  . SHOT  NO.  3 , 
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FIGURE  13  17  , SPFTIMEN  NO.  13  . SHOT  NO.  3 , 
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FIGURE  13  19  .SPECIMEN  NO.  13  . SHOT  NO.  3 . 
STRAIN  TIME  HISTORY 
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FIGURE  13  24  . SPECIMFN  NO.  13  , SHOT  NO  3 . 
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FIGURE  13  27  , SPECIMEN  NO  13  , SHOT  NO.  4 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  13  29  . SPECIMEN  NO.  13  , SHOT  NO.  4 . 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  13  30  , SPECIMEN  NO.  13  , SHOT  NO.  4 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  13-33  , SPECIMEN  NO.  13  . SHOT  NO.  4 . 
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FIGURE  13-34  , SPECIMEN  NO.  13  .SHOT  NO.  4 . 
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FIGURE  13-39  , SPECIMEN  NO.  13  . SHOT  NO.  4 , 
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FIGURE  13-47  , SPECIMEN  NO.  13  . SHOT  NO  5 . 

STRAIN  TIME  HISTORY 


622 


HICR0STRRIN  M1CPQS1PA1N 


0 22  036  040  044  043  052  056  060  064  06$  072  076  0S0  034  03$ 


TIME  IN  SECONDS 
CHANNEL  ID  Si?  1C 

FIGURE  13-49  .SPECIMEN  NO.  13  . SHOT  NO  5 . 

STRAIN  TIME  HISTORY 


022  026  040  044  043  052  056  060  064  06?  0?2  0'6  080  084  088 


TIME  IN  SECONDS 
CHANNEL  10  Sir  ' 


MICR0STRAIN 


TIME  IN  SECONDS 
CHANNEL  ID  Si:  10 

FIGURE  13-51  SPECIMEN  NO.  13  , SHOT  NO.  5 
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FIGURE  13  56  . SPECIMEN  NO  13  . SHOT  NO.  6 . 
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FIGURE  13-59  . SPECIMEN  NO.  13  , SHOT  NO.  6 
STRAIN  TIME  HISTORY 
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FIGURE  13-60  . SPECIMEN  NO.  13  . SHOT  NO  6 
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FIGURE  13-61  . SPECIMEN  NO.  13  . SHOT  NO.  6 
STRESS  TIME  HISTORY 
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FIGURE  13-62  . SPECIMEN  NO.  13  . SHOT  NO 
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FIGURE  13-67  . SPECIMEN  NO.  13  . SHOT  NO  7 , 
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FIGURE  13-69  SPECIMEN  NO  13  , SHOT  NO  7 
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FIGURE  13-70  , SPECIMEN  NO  13  , SHOT  NO.  7 

STRESS  TIME  HISTORY 
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FIGURE  13-75  . SPECIMEN  NO  13  , SHOT  NO.  8 , 

STRAIN  TIME  HISTORY 
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FIGURE  13-76  .SPECIMEN  NO.  13  . SHOT  NO  8 
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FIGURE  13  77  . SPECIMEN  NO.  13  . SHOT  NO  8 , 
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FIGURE  13-79  , SPECIMEN  NO.  13  , SHOT  NO.  9 

TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 


SPECIMEN  NO.  16  SPECIMEN  NO.  1 7 

FIXED-END  COLUMNS  - .031  IN.  THICK 
MATERIAL  - 7075-T6  ALUMINUM  ALLOY 
DENSITY  - .000262  lb-sec2/in4 
STRESS/STRAIN  DATA 

MODULUS  OF  ELASTICITY  - 10.5  x 106  PSI 
Ft  - 70,500  PSI 
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THRU  17  - INSTRUMENTATION  ON  OPPOSITE  SIDE 
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Test  Specimen  No.  14-17 

Test  specimens  14-17  were  buckl ing-sensitive  columns.  As  indicated  in  Reference  1, 
the  NOVA-2  computer  program  is  not  capable  of  analyzing  this  type  of  structural 
element  under  static  load.  Therefore,  the  derivation  of  the  static  analysis  for 
these  specimens  is  presented  below. 


NOTE:  The  columns  were  loaded  by  pistons  which  displaced  down  a cylinder 
as  the  external  load  was  applied.  The  area  of  the  pistons  was 

4.91  in  . Therefore,  the  width  over  which  the  pressure  acts  was  ? 
set  = 0.9818  inches,  such  that  0.9818  x width  = 0.9818  x 5 = 4.91  in  . 

Based  on  pretest  measurements,  the  columns  exhibited  the  following 
lateral  initial  imperfections  at  their  respective  centers: 


Test  Spec.  No.  14 
Test  Spec.  No.  15 
Test  Spec.  No.  16 
Test  Spec.  No.  17 


0.0  inches 
0.01  inches 
0.0  inches 
0.03  inches 


Buckled  Columns  - Load/Stress/Deflection  Derivation 

It  is  desired  to  examine  the  strength  and  displacement  of  long  columns  (l/p  > 70) 
beyond  the  point  of  buckling.  To  do  so,  the  knowledge  of  the  deflected  shape  and 
the  minimum  radius  of  curvature  is  required.  From  this  knowledge,  the  maximum 
deflection,  lateral  and  axial,  and  the  maximum  stress,  bending  and  axial,  can  be 
computed. 

It  is  known  that  pin-ended  columns  buckle  to  a half-sine  wave  shape  and  fixed- 
ended  columns  buckle  to  a full  sine  wave.  It  is  also  known  that  bending  moments 
can  be  computed  from  the  formula. 


1 

R 


A 

El 


or 


M 


El 

R 


where: 

R = Radius  of  curvature  of  the  elastic  curve 
M = Bending  moment 
E = Modulus  of  elasticity 
I = Moment  of  inertia 

The  basic  equation  for  a sine  curve  is 
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til 


where: 

y = Ordinate 

x = Abscissa 

a = Single  amplitude 

b = Length  of  a half  wave 

See  the  following  sketch  for  application  of  this  formula 


but  R = 


ds 

d0 


dv  2 3/2 

['♦  & ] * 


. d2/ 
dx2 


differentiating  y = a sin 


7TX 


dy  _ ira 


. - , cos  ^ 

dx  b b 


and 


- &L  = -1—-  sin  ^ 
dx  b2  b 


? ? ? itx  3/2 

R = [1  + it  a^  cos^  ] 

4-  sin  f 
b2  b 

since  R is  desired  at  x = p by  substitution, 


R = [1  -+-01 

R 2 

ir  a 


3/2 


(1) 


_b_  = II 

2 Pa 

it  a 


and 


EItt 


; but,  for  A = 0 and  b = L, 


P = — which  is  the  Euler  buckling  load 


The  above  can  also  be  derived  by  the  virtual  work  method 
♦"Calculus  and  Analytical  Geometry",  Addison  and  Wesley 
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In  the  above  formula,  all  the  parameters  are  known  values  except  a and  A.  It  now 
becomes  necessary  to  establish  a relationship  between  a and  A. 
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Assuming  that  the  change  in  column  length  due  to  axial  stress  is  negligible,  the 
length  of  the  sinecurve  from  0 to  x = L is 

= ^ ^ 1 4-  n1" C. 1 J \ - k.%  <P  d,<p 


Co 

»=.,  C , 1^1 1 nX' 


l +-n"C' 


Since  b is  unknown,  it  is  more  useful  to  write 

0 _ 3i  Jm-  tt1  c' 

“T  " ir 


Where  E is  the  elliptical  integral  which  is  tabulated  in  terms  of  ARCSIN  K in 
standard  mathematical  Tables 


It  is  convenient  to  let 


r,  and  by  algebraic  manipulation. 


Note  that  ^ and  ^ are  non-dimensionless  parameters  applicable  to  any  column 

configuration. Also  note  that  ^ versus  ^ could  be  plotted,  but  ^ is  equally 

useful  and  provides  a visible  relationship  of  the  lateral  displacement,  a,  with 
the  vertical  displacement,  A. 

The  procedural  steps  for  curve  plot  are  as  follows: 


1 . Assume  a value  of  C 

VTT 1 CJ*" 

X + fl*Cr 

3.  Evaluate  ARCSIN  K 

4.  Read  E from  Table  (or  plot,  if  preferred) 
5.  Solve  g = r = | E ^ 1 + tt2  C2 


5.  Solve 


‘"Rectification  of  Plane  Curves",  B.  Saelman, 
Lockheed  Aircraft  Company,  Burbank,  California 
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By  varying  the  range  of  C,  plots  can  be  made  to  suitable  scales.  It  is  recommended 
that  log  paper  be  used.  The  plots  are  applicable  to  either  pin-ended  or  fixed-ended 
columns,  but  a,  A and  l.  should  always  be  consistently  representative  of  total  lateral 
displacement  and  column  total  length  respectively , The  above  curve  is  plotted  on 
Page  654. 

By  plotting  ~ versus  A from  the  previously  derived  formula. 


c Ett2  AJ 

and  superimposing  over  the  plot  on  Page  654,  the  common  solution  for  ^ and  A can 

be  found  at  the  intersection  of  the  two  plots.  Since  L is  always  a known  quantity, 

a and  A can  now  be  computed  and  will  provide  the  maximum  deflections  at  a = F . 

max  cy 

Of  course,  the  deflections  at  any  other  level  of  stress,  a,  can  be  determined  by 
substituting  o in  the  above  formula. 

EI  2 

From  the  preceding  derivation,  it  was  seen  that  the  Euler  formula,  P = — 5-  , 

L 

was  but  a specific  solution  (A  = 0,  L = b)  of  the  basic  formula 
2 2 

P.  = ^5—  = — o where  P,  is  established  by  substituting  A at  j = F , 

L b2  (L-A)2  L cy 

or  Am  . in  the  formula. 

ITJaX 


The  author  has  found  that  the  ^ stress  is  relatively  quite  small  in  very  long 

colunns  which  are  those  under  discussion.  Since  the  above  procedure  is  somewhat 
laborious  without  a computerized  solution,  a separate  derivation  has  resulted  in 

M 

a supplemental  curve  assuming  ^c-  stress  only. 

As  was  previously  seen. 


H-T-tT 


\ 0.0  ’ C kV 

— . 
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Assuming 


0 and  re-writing. 


f,y  X 


NH-X  vr1- 


Simplifying  and  again  re-writing, 


\_N  Z&'L-‘r  ^ 


Which  can  be  written  - 

c*.  n x 

, -5~ 

_ Z \_  -v  A 

Ck 

Multiplying  by  L 


Fey  \_ 


-L=  — z.  -r  ^ 


(Note  that  — is  non-dimensionless) 

By  assuming  values  of  A,  a can  be  determined  from  the  first  curve  of  ^ versus  ^ 

and  F L can  be  plotted  versus  ^ to  generate  the  second  curve.  The  second 
Ec 

curve  is  quiet  useful  in  determining  A quickly  from  any  given  value  of  stress 
since  the  column  parameters  will  be  known.  The  column  load  at  that  stress  can 

Elir^ 

then  be  determined  from  P = F-^y2 

Examination  of  the  versus  - line  reveals  that  the  line  is  straight  up  to  “ = 

Within  this  parameter,  the  equation  for  this  line  is 


= .59 
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TABLE  XLIII 

STATIC  TEST  STRESSES  - SPECIMEN  NOS.  14  THRU  17 
(STRESSES  GIVEN  IN  PSI) 


STRAIN 

LOAD  (POUNDS) 

GAUGE 

38.5 

44.0 

46.8 

49.5 

52.3 

55.0 

58.0 

SI  4-1 

1411 . 

2421. 

3533. 

6159. 

14369. 

28335. 

42735. 

SI  4^ 

-1761. 

-2843. 

-4017. 

-6695. 

-14750. 

-28521. 

-42436. 

S15-1 

3811. 

4841. 

5737. 

7468. 

1 3802 . 

40479. 

SI  5-2 

-4635. 

-5603. 

-6520. 

-8127. 

-14286. 

-40469. 

SI  6-1 

1391. 

2276. 

3069. 

3873. 

20147. 

34814. 

41365. 

SI  6-2 

-2194. 

-3193. 

-4089. 

-4893. 

-20755. 

-35123. 

-41458. 

SI  7-1 

1442. 

3162. 

5541 . 

11165. 

31590. 

42055. 

SI  7-2 

-2256. 

-4038. 

-6283. 

-11649. 

-32157. 

-42436. 

TABLE  XL IV 

STATIC  TEST  DISPLACEMENTS  - SPECIMEN  NOS.  14  THRU  17 
(VERTICAL  DISPLACEMENT  IS  DISPLACEMENT  OF  PISTON  PARALLEL  TO) 
COLUMN  AXIS,  AND  LATERAL  DISPLACEMENT  IS  MEASURED  PERPENDICULAR 
TO  COLUMN  AT  ITS  CENTER.) 


LOAD  (POUNDS) 

38.5 

44.0 

46.8 

49.5 

52.3 

55.0 

58.0 

NO.  14  LATERAL 
DISPLACEMENT  (IN.) 

.08 

.10 

.13 

.21 

.45 

.85 

1.24 

NO.  14  VERTICAL 
DISPLACEMENT  (IN.) 

.01 

.02 

.02 

.03 

.06 

.18 

.39 

NO.  15  LATERAL 
DISPLACEMENT  (IN.) 

.09 

.13 

.16 

.22 

.42 

1.20 

NO.  15  VERTICAL 
DISPLACEMENT  (IN.) 

0 

0 

0 

.01 

.03 

.36 



NO.  16  LATERAL 
DISPLACEMENT  (IN.) 

.04 

.06 

.09 

.11 

.61 

1.04 

1.23  1 

NO.  16  VERTICAL 
DISPLACEMENT  (IN.) 

0 

.01 

.01 

.03 

.09 

.27 

.38 

NO.  17  LATERAL 
DISPLACEMENT  (IN.) 

.07 

.14 

.21 

.33 

.94 

1.22 

— 

NO.  17  VERTICAL 
DISPLACEMENT  (IN.) 

0 

0 

.01 

.03 

.22 

.40 

J 
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FIGURE  14  26  . SPECIMEN  NO.  14  . SHOT  NO 
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FIGURE  14  30  . SPECIMEN  NO.  16  . SHOT  NO.  2 
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FIGURE  14-31  .SPECIMEN  NO.  17  . SHOT  NO.  2 , 
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FIGURE  14  32  .SPECIMEN  NO.  17  , SHOT  NO.  2 , 
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FIGURE  14-33  . SPECIMEN  NO.  14-17  . SHOT  NO.  3 , 
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FIGURE  14-37  . SPECIMEN  NO.  16  . SHOT  NO.  3 . 
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FIGURE  14  38  . SPECIMEN  NO.  17  , SHOT  NO  3 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  14-39  , SPECIMEN  NO.  14  , SHOT  NO.  3 , 
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FIGURE  1446  . SPECIMEN  NO.  17  . SHOT  NO.  3 
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FIGURE  14-47  , SPECIMEN  NO.  14-17  . SHOT  NO.  4 . 
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FIGURE  1448  , SPECIMEN  NO.  1417  , SHOT  NO.  4 
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FIGl'RE  14-49  , SPECIMEN  NO.  15  .SHOT  NO.  4 
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FIGURE  14  50  . SPECIMEN  NO  16  , SHOT  NO.  4 , 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  14-51  .SPECIMEN  NO.  14  . SHOT  NO.  4 
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FIGURE  14  52  . SPECIMEN  NO.  14  .SHOT  NO.  4 
STRAIN  TIME  HISTORY 
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FIGURE  14-53  .SPECIMEN  NO.  15  . SHOT  NO.  4 . 
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FIGURE  14-54  , SPECIMEN  NO  15  , SHOT  NO.  4 
STRAIN  TIME  HISTORY 
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FIGURE  14  56  , SPECIMEN  NO.  16  . SHOT  NO.  4 , 
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FIGURE  14-57  . SPECIMEN  NO.  17  , SHOT  NO.  4 , 
STRAIN  TIME  HISTORY 
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FIGURE  14-58  . SPECIMEN  NO.  17  . SHOT  NO.  4 
STRAIN  TIME  HISTORY 
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FIGURE  14-59  , SPECIMEN  NO.  14-17  .SHOT  NO.  B 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  14-60  . SPECIMEN  NO.  14-17  .SHOT  NO  5 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY  ' 
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FIGURE  14-61  , SPECIMEN  NO.  14  , SHOT  NO.  5 
SPECIMEN  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  14-62  , SPECIMEN  NO.  14  , SHOT  NO.  5 
STRAIN  TIME  HISTORY 
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FIGURE  14-63  , SPECIMEN  NO.  14  , SHOT  NO.  5 
STRAIN  TIME  HISTORY 
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FIGURE  14-64  , SPECIMEN  NO.  15  , SHOT  NO.  5 
STRAIN  TIME  HISTORY 
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FIGURE  1«5  .SPECIMEN  NO.  15  , SHOT  NO.  5 . 
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FIGURE  14-67  , SPECIMEN  NO.  16  , SHOT  NO.  5 
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FIGURE  14  68  , SPECIMEN  NO.  17  . SHOT  NO.  5 
STRAIN  TIME  HISTORY 
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FIGURE  14-71  , SPECIMEN  NO.  14-17  , SHOT  NO.  6 , 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  14-73  , SPECIMEN  NO.  14  , SHOT  NO.  6 , 
STRAIN  TIME  HISTORY 
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FIGURE  14-77  , SPECIMEN  NO.  16  . SHOT  NO.  6 , 
STRAIN  TIME  HISTORY 


TIME  IN  SECONDS 


CHANNEL  ID  Si?  2 

FIGURE  14-79  , SPECIMEN  NO.  17  , SHOT  NO.  6 
STRAIN  TIME  HISTORY 
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FIGURE  14-80  . SPECIMEN  NO.  14-17  , SHOT  NO.  7 , 
TUNNEL  WALL  INCIDENT  OVERPRESSURE  TIME  HISTORY 
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FIGURE  14-61  .SPECIMEN  NO.  14-17  , SHOT  NO.  7 . 
TUNNEL  WALL  REFLECTED  PRESSURE  TIME  HISTORY 
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FIGURE  14-83  , SPECIMEN  NO.  14  . SHOT  NO.  7 
STRAIN  TIME  HISTORY 
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FIGURE  14-84  . SPECIMEN  NO.  15  , SHOT  NO  7 

STRAIN  TIME  HISTORY 
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